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Polymorphism and Polytypism

Definition of polymorphism: 

A phenomenon which occurs whenever a given chemical compound exists in more than one structural form or arrangement.

Reasons for polymorphism:

1- Borderline r+/r- values in ionic compounds (sometimes but not always)

2- Variations in P & T render one structure more stable than another; e.g., at higher T, the internal energies of the structure increase as a result of the increase in the frequency of vibration of the atoms. Another way to express this is to say that the degree of “disorder” of the structure increases with increasing T. 

Rules:

1- As P increases, structures with higher densities and larger coordination numbers are favored (i.e. become more stable).

2- As T increases, structures with low densities and smaller coordination numbers are favored.

3- As T increases, structural modification (from one polymorph to the other) frequently result in an increase in overall symmetry. Example: Quartz (trigonal)( Cristobalite (cubic).

Types of polymorphic transitions:

1- Reconstructive Polymorphism: 

· Requires extensive rearrangement of the internal structure; i.e. breaking of bonds, and reassembly of the compound (forming new bonds, sometimes even of a different type; e.g. diamond & graphite). 

· This type requires a large energy to accomplish, and the reactions are generally sluggish (and abrupt!; Fig. 1). 

· Experiments of this type are difficult to reverse.

· Examples: Quartz – Coesite – Stishovite; Calcite and aragonite; pyrite and marcasite; graphite and diamond. Check Table 1 for additional examples and more details (Fig. 2a - d).

· The sluggishness of these reactions often results in the metastable existence of a polymorph in the field of another. Examples include occurrence of diamond & aragonite at near surface conditions!

2- Displacive Polymorphism:

· Requires little energy and small adjustments to the structure.

· No bonds are broken in this type; structures are often only kinked with a resulting change in their symmetry (Fig. 3).

· Process is not as abrupt as reconstructive polymorphism (Fig. 1).

· Phases do not occur outside their stability fields.

· Example: (-Qz ( (-Qz (Fig. 3).

3- Order – disorder Polymorphism:

· This type involves a change in the degree of order of the structure. 

· The process is more gradual than the other 2 types (Fig. 4).

· At higher T, the more disordered form is more stable (Figs. 4 & 5).

· Common in alloys.

· Examples: Low albite ( High albite.

Polytypism

· Is a special kind of polymorphism, when the 2 polymorphs differ only in the stacking of identical, two-dimensional sheets or layers (Fig. 6).

· Most common in micas and clay minerals. 

· Most important mica polytypes are: 1M (monoclinic), 2M1 (also monoclinic), and 3T (Trigonal). Other types are 2M2, 2O (orthorhombic) and 6H (hexagonal) (Table 2; Fig. 6). Note that the numbers 1, 2, & 6 refer to the number of layers, whereas the subscripts are used only to differentiate structures that are similar (Table 2).

