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are described in various USP monographs. Hydrates can be prepared

by recrystallization from water or from mixed aqueous solvents. They

can also result, in some instances, from exposure of crystal solvates

(such as rnethanolates or ethanolates) to an atmosphere containing wa-

ter vapor.

Crystalline substances often form with water molecules located

at specific sites in the crystal lattice. which are held in coordination

complexes around lattice cations. This type of water is denoted as water

of crystallization and is common for inorganic compounds. For exam-

ple, nickel sulfate forms a well-defined hexahydrate, where the waters

of hydration are bound directly to the Ni(II) ion. Extraneous inclusion

of water molecules can occur if a coprecipitated cation carries solvation

molecules with it. Water also can be incorporated into random pockets

as a result of physical entrapment of the mother liquor. Well-defined

multiple hydrate species can also form with organic molecules. For

example, raffinose forms a pentahydrate.

Although most hydrates exhibit a whole-number-ratio stoichiom-

etry, an unusual case is the metastable hydrate of caffeine, which con-

tains only 0.8 moles of water per mole of caffeine. Only in a saturated

water vapor atmosphere will additional amounts of water be adsorbed

at the surface of the 4.35-hydrate to yield a 5:6 hydrate [59].

In some instances, a compound of a given hydration state may

crystallize in more than one form, so that the hydrates themselves ex-

hibit polymorphism. One such example is nitrofurantoin, which forms

two monohydrates that have distinctly different temperatures and en-

thalpies of dehydration. The monohydrates have quite different packing

arrangements, with Form I possessing a layer structure and Form ll

exhibiting a herringbone motif. The included water molecules play a

major role in stabilizing the crystal structures. Whereas water mole-

cules are contained in isolated cavities in Form II, in Form I they are

located in continuous channels, and this apparently facilitates the es-

cape of water when these crystals are heated [60].

Another example of hydrate polymorphism is amilolide hydro-

chloride [6l], which can be obtained in two polymorphic dihydrate

forms. These forms are indistinguishable by techniques other than x-

ray powder diffraction.

It is interesting that scopolamine hydrobromide has been reported
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