Cubic Unit Cells and their origins
If you could travel within a crystalline solid, you would see the particles—atoms, ions, or molecules—arranged in a regular array.  Here, the spaces are greatly exaggerated, but in reality the particles are packed close together.  The unit cell of a crystal structure is the smallest portion that defines the structure.  Stacking unit cells next to each other in all three directions gives the structure.  Many elements and simple compounds have unit cells from the cubic crystal system.  Let's examine the three types of cubic unit cells.

All cubic unit cells have particles at the corners of a cube.  The simple, or primitive, cubic unit cell has particles at the corners only.  In reality, the particles lie as close to each other as possible.  Notice that the particles touch along the cube edges but not along a diagonal in the face or along a diagonal through the body.

2.  Screen shows F 12.28A (second from top) changing to F 12.28A (bottom), as a sharp plane slices away excess portions of cubes.  Then shows unit cells lining up one at a time faster and faster near each other in three dimensions to obtain a section of the crystal.  Then returns to one unit cell again.  Then corners fold up into ball to show that the 8 eighths of balls are equivalent to one ball.

By slicing away parts that belong to neighboring unit cells, we see that the actual unit cell consists of portions of the particles.

When the cells pack next to each other in all three dimensions, we obtain the crystal.  If we fade the others out, you can see the original group of eight particles within the array and the unit cell within that group.

We find the number of particles in one unit cell by combining all the particles' portions.  In the simple cubic unit cell, eight corners, each of which is one eighth of a particle, combine to give one particle.

3.  SCREEN shows F 12.28A (second from bottom), with central blue ball blinking bright blue.  Camera moves in closer so viewer is right near the scene.  When cued by narration, six closest surrounding balls blink bright blue and counter shows running total.  Label says "coordination number = 6."

A key feature of a crystal structure is its coordination number, the number of nearest neighbors surrounding each particle.  In a simple cubic array, any given particle has a neighboring particle above, below, to the right, to the left, in front, and in back of it for a total of six nearest neighbors.

4.  Screen shows a blue shaded cube, as in Screen 1, but with another dot in center.  Then each dot expands slightly to a small blue sphere with a purple sphere in the center, as in F 12.28B (top).  Then each ball expands to larger balls that touch each other, as in F 12.28B (second from top).
The body-centered cubic unit cell has a particle at each corner and one in the center, which is colored pink to make it easier to see.  With full-sized spheres, you can see that the particles don't touch along the edges of the cube, but each corner particle does touch the one in the center.

5.  Screen shows F 12.28B (second from top) changing to F 12.28B (bottom), as a sharp plane slices away excess portions of cubes.  Then corners fold up into ball to show that the 8 eighths of balls are equivalent to one ball.

The actual unit cell consists of portions of the corner particles and the whole one in the center.  Eight eighths gives one particle, and the one in the center gives another for a total of two particles.

6.  SCREEN shows F 12.28B (second from bottom), with central blue ball blinking bright blue.  Camera moves in closer so viewer is right near the scene.  When cued by narration, eight closest surrounding balls blink bright purple and counter shows running total.  Label says "coordination number = 8."

In this tiny portion of a body-centered cubic array, you can see that any given particle has four nearest neighbors above and four below, for a total of eight nearest neighbors.

7.  Screen shows a blue shaded cube, as in Screen 1, but with a dot in each of the six faces also.  Then each dot expands slightly to a small blue sphere with a yellow sphere in each face, as in F 12.28C (top).  Then each ball expands to larger balls that touch each other, as in F 12.28C (second from top).

The face-centered cubic unit cell has a particle at each corner and in each face, which are colored yellow here, but none in the center.  The corner particles don't touch each other, but each corner does touch a particle in the face, and those in the faces touch each other as well. 

8.  Screen shows F 12.28C (second from top) changing to F 12.28C (bottom), as a sharp plane slices away excess portions of cubes.  Then corners fold up into ball to show that the 8 eighths of balls are equivalent to one ball, and the faces come together to show that six halves are equivalent to three balls.

The actual unit cell consists of portions of particles at the corners and in the faces.  Eight-eighths at the corners gives one particle and half a particle in each of six faces gives three more for a total of four particles.

9.  SCREEN shows F 12.28C (second from bottom), with central blue ball blinking bright blue.  Camera moves in closer so viewer is right near the scene.  When cued by narration, 12 closest surrounding balls blink bright yellow and counter shows running total.  Label says "coordination number = 12."

In this tiny portion of a face-centered cubic array, notice that a given particle has four nearest neighbors around it, four more above, and four more below, for a total of 12 nearest neighbors.

Stacking spheres shows how the three cubic unit cells arise.  Arrange a layer of spheres in horizontal and vertical rows.  Notice the large, diamond-shaped spaces among the particles.  Placing the next layer directly over the first gives a structure based on the simple cubic unit cell.  Those large spaces mean an inefficient use of space.  In fact, only 52% of the available volume are actually occupied by spheres.  Because of this inefficiency, the simple cubic unit cell is seen rarely in nature.

A more efficient stacking occurs if we place the second layer over the spaces formed by the first layer and the third layer over the spaces formed by the second.  That simple change leads to 68% of the available volume occupied by spheres and a structure based on the body-centered cubic unit cell.  Many metals, including all the alkali metals, adopt this arrangement.

12.  Screen shows bottom layer again as in Screen 10 but tilted up to see diamond-shaped spaces.  Then every other row shifts a bit to form small triangular spaces throughout.  Triangular shaped space blinks red.  Then second layer, colored green, flies in and lies in the triangle-shaped spaces of first layer, as in F 12.29D.  Arrow points to blank spaces visible through both layers.  Then third layer, colored blue, flies in and lies over these white spaces.  Then whole group of spheres tilts to show side view, and sharp plane cuts away excess of spheres to show unit cell, as in F 12.29F; label says "face-centered cubic."  

For the most efficient stacking, shift every other row in the first layer so the large diamond-shaped spaces become smaller triangular spaces, and place the second layer over them.  Then the third layer goes over the holes visible through the first and second layers.  In this arrangement, called cubic closest packing, spheres occupy 74% of the volume.  Note that it is based on the face-centered cubic unit cell.  

13.  Screen shows one-and-a-half unit cells of sodium ions and of chloride ions.  Each has small particles arranged in a face-centered arrangement.  The groups move toward each other and interpenetrate to obtain F 12.32A.  Excess balls fall away to leave just NaCl unit cell.  Then balls expand until they are touching.  Then sharp plane cuts off excess portions of balls to leave F 12.32B and label says "NaCl unit cell."

Many elements, covalent compounds, and, as you'll see in the next two examples, ionic compounds adopt cubic closest packing.  Sodium chloride adopts the sodium chloride, or rock salt, structure, as do many other alkali halides, alkaline-earth oxides and sulfides, and other ionic compounds.  Picture separate face-centered-cubic arrays of chloride ions and sodium ions as they approach and interpenetrate each other.  The smaller sodium ions fit in the holes between the larger chloride ions in the NaCl unit cell.

14.  Screen shows one unit cell of zinc ions and of sulfide ions.  Each has small particles arranged in a face-centered arrangement.  The unit cells are slightly out of alignment (see F 11.25A, 1/e, p. 437) and move toward each other.  Then they interpenetrate partially.  Excess balls fall away to leave F 12.33A.  One zinc blinks and four surrounding sulfides then blink in unison.  Then balls expand until they are almost touching.  Then sharp plane cuts off excess portions of balls to leave F 12.33B and label says "zinc sulfide unit cell." 
Zinc sulfide adopts the zinc-blende structure, as do the copper-one halides and several other compounds.  If face-centered-cubic arrays of zinc ions and sulfide ions approach and interpenetrate slightly offset from each other, each ion becomes surrounded tetrahedrally by four of the other ions.  Note the blinking zinc ion and the four sulfides.  You can see the relative positions in this slightly expanded view of the zinc-blende unit cell.

