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AX-Type Crystal Structures
Some of the common ceramic materials are those in which there are equal numbers of cations and anions. These are often referred to as AX compounds, where A denotes the cation and X the anion. There are several different crystal structures for AX compounds; each is normally named after a common material that assumes the particular structure.
Rock Salt Structure
Perhaps the most common AX crystal structure is the sodium chloride (NaCl), or rock salt, type. The coordination number for both cations and anions is 6, and therefore the cation–anion radius ratio is between approximately 0.414 and 0.732. A unit cell for this crystal structure (Figure 2) is generated from an FCC arrangement of anions with one cation situated at the cube center and one at the center of each of the 12 cube edges. An equivalent crystal structure results from a face-centered arrangement of cations. Thus, the rock salt crystal structure may be thought of as two interpenetrating FCC lattices, one composed of the cations, the other of anions. Some of the common ceramic materials that form with this crystal structure are NaCl, MgO, MnS, LiF, and FeO.
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Figure 2 A unit cell for the rock salt, or sodium chloride (NaCl), crystal structure.

Cesium Chloride Structure
Figure 3 shows a unit cell for the cesium chloride (CsCl) crystal structure; the coordination number is 8 for both ion types. The anions are located at each of the corners of a cube, whereas the cube center is a single cation. Interchange of anions with cations, and vice versa, produces the same crystal structure. This is not a BCC crystal structure because ions of two different kinds are involved.
[image: ]
Figure 3 A unit cell for the cesium chloride (CsCl) crystal structure.
Zinc Blende Structure
A third AX structure is one in which the coordination number is 4; that is, all ions are tetrahedrally coordinated. This is called the zinc blende, or sphalerite, structure, after the mineralogical term for zinc sulfide (ZnS). A unit cell is presented in figure 4; all corner and face positions of the cubic cell are occupied by S atoms, while the Zn atoms fill interior tetrahedral positions. An equivalent structure results if Zn and S atom positions are reversed. Thus, each Zn atom is bonded to four S atoms, and vice versa. Most often the atomic bonding is highly covalent in compounds exhibiting this crystal structure (Table 1), which include ZnS, ZnTe, and SiC.
[image: ]
Figure 4 A unit cell for the zinc blende (ZnS) crystal structure.

AmXp-Type Crystal Structures
If the charges on the cations and anions are not the same, a compound can exist with the chemical formula where m and/or p≠1. An example would be AX2, for which a common crystal structure is found in fluorite (CaF2). The ionic radii ratio rc/ra for CaF2 is about 0.8 which, according to Table 2, gives a coordination number of 8. Calcium ions are positioned at the centers of cubes, with fluorine ions at the corners. The chemical formula shows that there are only half as many Ca2+ ions as F- ions, and therefore the crystal structure would be similar to CsCl (Figure 3), except that only half the center cube positions are occupied by Ca2+ ions. One unit cell consists of eight cubes, as indicated in Figure 5. Other compounds that have this crystal structure include ZrO2 (cubic), UO2, PuO2 and ThO2
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Figure 5 A unit cell for the fluorite crystal structure.

AmBnXp-Type Crystal Structures
It is also possible for ceramic compounds to have more than one type of cation; for two types of cations (represented by A and B), their chemical formula may be designated as AmBnXp. Barium titanate (BaTiO3) having both Ba2+ and Ti4+ cations, falls into this classification. This material has a perovskite crystal structure and rather interesting electromechanical properties to be discussed later. At temperatures above 120°C the crystal structure is cubic. A unit cell of this structure is shown in figure 6; Ba2+ ions are situated at all eight corners of the cube and a single Ti4+ is at the cube center, with O2- ions located at the center of each of the six faces.
[image: ]
Figure 6 A unit cell for the perovskite crystal structure.

Table 4 summarizes the rock salt, cesium chloride, zinc blende, fluorite, and perovskite crystal structures in terms of cation–anion ratios and coordination numbers, and gives examples for each. Of course, many other ceramic crystal structures are possible.

Table 4 Summary of Some Common Ceramic Crystal Structures
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Home work:
Ceramic Crystal Structure Prediction
On the basis of ionic radii (Table 3), what crystal structure would you predict for FeO?
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