Chem 110 Recitation – Week 2 – Unit Cells
First, some basic terms:

Lattice – the rigid and long-range order that a crystalline solid possesses

Unit Cell – the basic repeating structural unit of a crystalline lattice

Coordination Number – the number of atoms (or ions) surrounding an atom (or 
ion)

Simple Cubic Unit Cell (a) – a cell in which there are only atoms at each of the 
corners

Body Centered Cubic Unit Cell (b) – a cell in which there are atoms at each of 
the corners as well as an additional atom in the center

Face Centered Cubic Unit Cell (c) – a cell in which there are atoms at each of the 
corners as well as a atom on each face.
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You may be asked to determine the coordination number for a unit cell.  
Some Coordination Number Examples:

1.  What is the coordination number of each sphere in (a) a simple cubic cell, (b) a body centered cubic cell and (c) a face centered cubic cell?  Assume all of the spheres are the same.

Unless an atom is in the middle of a unit cell (the body), it will be shared by surrounding unit cells.  So, if you’re asked to determine the empirical formula of a substance, you need to know how the position of the atom affects how many atoms there are in that cell


If an atom is at or in the…..
Then it counts worth…..


Body




1 atom



Face




½ atom



Edge




¼ atom



Corner



1/8 atom

Some Empirical Formula Examples:

1.  A unit cell contains 8 X atoms at the corners of the cell and 6 Y atoms at the faces.  What is the empirical formula of the solid?
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2.  Prove that the above structure is in fact that of ZnS.
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3.  Austenite, shown above, is a commonly found form of iron, in our case iron carbide. If the molecules denoted “red” are carbon and the rest are iron, what is the empirical formula of our unit cell?
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4.  What is the empirical formula for the above perovskite-type structure?

Another thing you may have to do with your unit cell is determine edge length, atomic radius or density.  These are all related and if you can do one, you can do them all, but the material isn’t in the book, so these, any lecture examples and the Questions of the Day will be your practice on the matter.
First, some equations you may find helpful in converting from edge length to radius.  These are based on the geometry and the number of atoms present in a unit cell.
	
	Radius
	# of Atoms
	Coord. #

	Simple Cubic
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a


	1
	6

	Body-Centered Cubic
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a


	2
	8

	Face-Centered Cubic
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	4
	12


Some Edge Length/Atomic Radius/Density Examples:

1.  Palladium crystallizes in a face centered cubit unit cell.  Its density is 12.0 g/cm3 at 27°C.  Calculate the atomic radius of Pd.
2.  Vanadium crystallizes in a body-centered cubic lattice, and the length of the edge of unit cell is 305 pm.  What is the density of vanadium?

3.  Platinum has a face-centered cubic crystal structure with a unit cell length of 392 pm.  What is the radius of the platinum atom?

4.  Europium crystallizes in a body centered cubic lattice (Eu atoms occupy only the lattice points).  The density of Eu is 5.26 g/cm3.  Calculate the unit cell edge length in pm.

Additional Examples:

1.  Metallic Iron crystallizes in a cubic lattice.  The unit cell edge length is 287 pm.  The density of iron is 7.87 g/cm3.  How many iron atoms are within a unit cell?

2.  Aluminum metal has a density of 2.70 g/cm3 and crystallizes in a cubic lattice with a unit cell edge length of 404 pm. (a) Which type of unit cell is formed by Al? (b) What is the coordination number of Al?
3. Polonium (Po) is the largest member of group 16 and is the only element known to take on the simple cubic crystal system.  The distance between nearest neighbor Po atoms in this structure is 335 pm.

a) What is the diameter of the Po atom?

b) What is the density (in g/cm3) of the Po metal?

4.  Potassium crystallizes in  a bcc structure.  The atomic radius of potassium is 235 pm.  Determine (a) the number of atoms per unit cell; (b) the coordination number of the lattice and (c) the length of the side of the unit cell. 
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