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predicts an inf nite increase in solubility when pH 
>> pKa. In practice this is not attained, primarily 
because real systems exhibit  non-ideal behaviour. 
Nevertheless, Equation 23.14 is a use ul approxima-
tion over narrow, but use ul, pH ranges.

A similar derivation can be made  or weak bases 
 ollowing the same logic, resulting in:

 S  S  Kt  o  aantilog p  pH=  +  −[  ]1  (  )  
(23.15)

Equation 23.15 implies that,  or weak bases, total 
solubility will be equal to the intrinsic solubility at 
pH values above pKa and will increase signif cantly 
at pH values below pKa.

Measurement of pKa

Modern automated instrumentation is available that 
can determine pKa values with very small (typically 
10–20 mg) amounts o  drug. This is extremely 
use ul in the context o  pre ormulation where mate-
rial is scarce. Usually this instrumentation is based 
upon a potentiometric pH titration. The drug is dis-
solved in water,  orming either a weakly acidic or 
weakly basic solution. Acid or base (as appropriate) 
is t itrated and the solution pH recorded. A plot o  
volume o  t itrant solution added versus pH allows 
graphical determination o  the pKa, since when 
pH = pKa the compound is 50% ionized. This 
method has the signif cant advantage o  not requir-
ing an assay.

Alternative methods  or determining pKa include 
conductivity, potentiometry and spectroscopy. 
However, i  the intrinsic solubility has been deter-
mined, measurement o  solubility at a pH where the 
compound is partially ionized will allow calculation 
o  pKa  rom the Henderson-Hasselbalch equations.

Partitioning

No solute has complete a f nity  or either a 
hydrophilic or a lipophilic phase. In the context o  
pre ormulation, it  is important to know early in the 
development stage how a molecule (or charged ion) 
will distribute between aqueous and  atty environ-
ments (e.g. between gut contents and lipid biological 
bilayers in the surrounding cell walls). When a solute 
is added to a mixture o  two (immiscible) solvents 
it  will usually dissolve in both to some extent and a 

will be  ully ionized (and vice versa  or a basic drug) 
(see Fig. 3.1).

The degree o  ionization will a  ect solubility 
because ionized species are more  reely soluble 
in water. Taking the acid-species Henderson-
Hasselbalch equation as an example (i.e. Eqn 3.15), 
since [A−] represents the saturated concentration o  
ionized drug (Si) and [HA] represents the saturated 
concentration o  unionized drug (i.e. the intrinsic 
solubility, So) then the equation may be re-writ ten 
as:

 p  pH  o

i
K  S

Sa =  + log  

(23.10)

At any given pH, the observed total solubility (St) 
must be the sum o  the solubilit ies o  unionized and 
ionized  ractions, i.e.:

 S S St  o  i=  +   
(23.11)

Note that in this chapter, the alternative symbol S 
(with appropriate subscript) is used  or the specif c 
concentration o  solution that corresponding to the 
saturated concentration or ‘solubility. This is equally 
acceptable and is presented here, and later in the 
discussion o  intrinsic dissolution rate, as an alterna-
tive to annotation used elsewhere. This annotation 
is particularly use ul when discussing various types 
o  solubility, as here.

Rearranging Equation 23.11 gives:

 S S Si  t  o=  −  
(23.12)

Substituting in Equation 23.10 gives:
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(23.13)

Or, in antilog  orm:

 S  S  Kt  o  aantilog pH  p=  +  −[  ]1  (  )  
(23.14)

Equation 23.14 allows calculation o  the total solu-
bility o  an acidic drug as a  unction o  pH. Total 
solubility will be equal to the intrinsic solubility at 
pH values below pKa and will increase signif cantly 
at pH values above pKa. In theory, Equation 23.14 


