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3.5: Structures of Ionic Solids
The structure of ionic solids is determined by how the cations and anions can pack together. Generally, one of the ions adopts a
standard packing structure, like the metal atoms in a metallic solid. The counterions then fit into the holes or interstitial spaces
among these ions. It is pretty common for the anions to form a close-packed structure, and for cations to find room in the resulting
holes, but sometimes it is the other way around.

Match each isoelectronic ion with the correct picture of its radius.

 
Answer

 

 
AnswerDiagrams of five atoms, ordered left to right from largest to smallest atomic radii. Answer choices, from left to right:
Ca2+, Ti4+, Cl1-, S2-, K1+.

Why might anions more commonly pack into a close-packed structure, rather than the cations?

Answer

Generally, but not always, anions are bigger than cations, so cations can pack efficiently into the holes between the anions.

The holes between the atoms have particular coordination numbers and geometries. There are many possible holes of different
shapes where a counterion can find room. However, some of these geometries are very common.

For example, in the center of a simple cube, there is room for an additional atom. This atom is described as sitting in a cubic hole.

 Exercise 3.5.1

 Exercise 3.5.2
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Figure : An ion in a cubic hole.

The above drawing emphasizes the relationship between the central atom and the atoms that form the corners of the cube. The
central atom is in a cubic coordination geometry. Alternatively, we could describe the coordination number of the central atom.
Instead of describing the shape formed by the surrounding atoms, we simply count the number of near neighbors. In this case, the
coordination number of the central atom is 8. We can think of the central atom as sharing ionic bonding with its eight near
neighbors.

An atom in a cubic hole might be viewed more easily if we draw lines between the various atoms at the corners of the cube,
however. In that way,we can see more clearly the cubic shape of the cage in which the central atom is sitting.

Figure : An alternative view of an ion in a cubic hole.

Another common interstitial space in ionic solids is an octahedral hole. An octahedral hole forms in between two close-packed
layers. Because the atoms in the layers are packed more tightly than in a simple cube, this octahedral hole is generally a little
smaller than a cubic hole.

Figure : An octahedral hole.
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Figure : An atom in an octahedral hole.
Six orange atoms arranged at the vertices of an octahedron. At the center of the octahedron is a single blue atom.

A third, common type of interstitial space is a tetrahedral hole. Tetrahedral holes, like octahedral holes, are found between two
close-packed layers.

Figure : A tetrahedral hole.

Figure : An atom in a tetrahedral hole.

In the following structures, the anions are represented in red and the cations are represented in blue. For each structure,

a. identify the type of unit cell that is visible
b. identify the type of hole occupied by the counter ion
c. identify the fraction of those holes that are occupied
d. identify the number of anions and cations in the unit cell
e. state the empirical formula (the lowest possible ratio of atoms in the material)

i. The ions are formed from cesium and chlorine
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 Exercise 3.5.3
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Answer i. a):

 
Answer i. b):

 
Answer i. c):

 
Answer i. d):

 
Answer i. e):

 

 
Answer i. a):simple cubicAnswer i. b):cubic holeAnswer i. c):coordination number = 8Answer i. d):all occupiedAnswer i. e):8
x 1/8 Cl and 1 Cs (or vice versa, depending on how you define a unit cell)An ionic compound composed of eight cubes. Red
atoms are at the vertices of each cube, and several blue atoms are at the core of each cube. 
 
 
 
 

ii. The ions are formed from sodium and chlorine.
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Answer ii. a):

 
Answer ii. b):

 
Answer ii. c):

 
Answer ii. d):

 
Answer ii. e):

 

 
Answer ii. a):face centered cubicAnswer ii. b):octahedral holeAnswer ii. c):coordination number = 6Answer ii. d):all
occupiedAnswer ii. e):6 x 1/2 plus 8 x 1/8 = 4 Cl and 1 plus 12 x 1/4 = 4 Na (or vice versa, depending on how you define a unit
cell)An ionic compound composed of eight cubes. Half of the vertices have red atoms, and the other vertices have blue atoms. 
 
 
 
 

iii. The cations are formed from calcium and the anions are formed from fluorine.
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Answer iii. a):

 
Answer iii. b):

 
Answer iii. c):

 
Answer iii. d):

 
Answer iii. e):

 

 
Answer iii. a):face centered cubicAnswer iii. b):tetrahedral holeAnswer iii. c):coordination number = 4Answer iii. d):all
occupiedAnswer iii. e):6 x 1/2 plus 8 x 1/8 = 4 Ca and 8 FAn ionic solid composed of eight cubes. Blue atoms are at every
other vertex. Red atoms are at the center of each cube. 
 
 
 
 

iv. The cations are formed from zinc and the anions are formed from sulfur.
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An ionic compound composed of eight cubes. Every other tex has a blue atom. Four of the eight cubes have red atoms at their
centers, arranged opposite to each other.

v. The cations are formed from zinc and the anions are formed from sulfur.

 

One single rectangular prism. Eight red atoms are at its vertices. Four blue atoms are along the midway point of each vertical
edge. One red atom is on the front face of the prism. One blue atom is towards the bottom right of the prism.
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Additional Information on solid structures: 

Liverpool Solid State

Visualization of solid state structures: unit cells, etc.

Davidson College Crystals

Visualization of solid state structures: unit cells, etc.

Oxford University Solid Structures

Visualization of solid state structures: unit cells, etc.
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