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- Solubility of Pharmaceutical Solids

David J. W. Grant
University of Minnesota, Minneapolis, Minnesota

Harry G. Brittain
Ohmeda, Inc., Murray Hill, New Jersey

I. INTRODUCTION
A. Solubility as an Equilibrium Process
B.  Units Employed for Expressing Solubility
C. Metastable Solubility
D. Particle Size Effects

[I. DETERMINATION OF SOLUBILITY

Concepts of Solubility Measurement

Common Batch Agitation Method

Flow Column (Generator Column) Method
Synthetic Method

Purity of the Solute and Analytical Implications

III. PHASE SOLUBILITY ANALYSIS
A.  Solubility Analysis with Noninteracting Components
B.  Solubility Analysis with Interacting Components

IV. SOLUBILIZATION

Equilibrium Constants and Solubility

Formation of Soluble Salts

Molecular Complexes

Cyclodextrin Inclusion Complexes

Solubilization by Surfactants

Solubilization by Cosolvents

V. DISSOLUTION RATE
A.  Theories and Mechanisms of Dissolution
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Fig. 5 Phase solubility plot for a pure solute.

When an impurity is present in the solute, the system is unlikely to be
saturated with the additional component, and an additional contribution to the

overall solubility will result. Application of the phase rule equation indicates that .-

a plot of system composition versus solution composition now consists of three
linear segments. When the solvent is not saturated with respect to either the
analyte or its impurity, the number of degrees of freedom equals two, indicating
that the concentration of each species varies linearly with the amount of solid
added. This is illustrated by line segment D-E in Fig. 6. Owing to its large
percentage in the solid, the analyte species will first saturate the solvent, and

one solid phase will result. This effect decreases the number of degrees of

freedom to one, which corresponds solely to the concentration of the impurity.
At this point (segment E-F in Fig. 6), there can be no change in the concentration
of the analyte as the amount of solid is increased. Finally, if enough solid isk
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Fig. 6 Phase solubility plot for an impure solute consisting of 75% of the analyte
substance and 25% of an impurity.

added, the system becomes saturated with respect to the impurity, and the number
of degrees of freedom becomes zero. At this point (segment F-G in Fig. 6), a
plateau in solution composition is reached, and no additional solid can be
dissolved in the solvent.

When the solubility data are plotted as in Figs. 5 and 6, it is easy to
calculate the weight purity of the analyte sample. This information is obtained
by computing the slope of segment E-F and using the relation

% purity = (1 — slopegr) X 100 (10)

The presence of more than one impurity in a material will yield additional

segments in the plot of system composition versus solution composition.
During the analysis of real samples, the saturation limit of any impurity

species is rarely reached. For that reason, the phase solubility curves normally
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