POLYMORPHISM


Polymorphs are compounds that have the same chemical makeup but are capable of crystallizing in more than one structural arrangement.  In class, I say that “poly” means many and “morph” means shape, and thus polymorphism means many shapes.

Examples include the C system; SiO2 system; calcite-aragonite; kyanite-andalusite-sillimanite.   I use pressure-temperature phase diagrams (P-T) to show which phases are formed at high pressure, low pressure etc.  I show, using the SiO2 phase diagram, that phases that crystallize at high pressure, e.g. coesite, have higher specific gravities than the SiO2 polymorphs that crystallize at low pressure.  A student may ask if he/she should know the numbers but it is the concept that the student should know.    However, it is always a good idea to have some examples to use when answering test questions.  But I would not ask, what is the specific gravity of low quartz?
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There are three kinds of polymorphism.  They are:   displacive polymorphism, which is reversible, e.g.  low and high quartz;   reconstructive polymorphism, where bonds are broken and remade, e.g. calcite-aragonite; and order-disorder, where the polymorphism is due to ordering of an ion in a particular crystal site in a mineral.  This third type will be reintroduced after solid solution.

To describe displacive polymorphism, I use the example of the SiO2 system where low and high quartz are two polymorphs.  I say that high quartz has higher symmetry than low, and that it forms at higher temperatures than low.  Lavas and igneous rocks are generally higher than 600º C when liquid, and that the first quartz crystals are probably high quartz.  Upon cooling, high quartz reverts to low quartz, by simple bending of a bond.  This is reversible.  Therefore, we will never ever see high quartz at standard pressure and temperature.  However, we may see quartz crystals that show higher symmetry that indicates that they were high quartz when first crystallized.  This process of a mineral having an external form (high quartz) different from its internal form (low quartz) is called pseudomorphism. 


Reconstructive polymorphism requires the breaking of bonds and the making of new ones.  This requires a lot of energy, and the reaction is not usually reversible.  Consequently, even though we know that kyanite forms at high pressure and temperature, we can still find kyanite in rocks at the surface of the earth.  It doesn’t automatically revert to a more stable polymorph.


I do mention the fact that in the K-feldspar group (KAlSi3O8) that the polymorphism is due to ordering of Al in tetrahedral sites within the feldspar structure, however, we need to cover sites in minerals to fully understand this.
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