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Evaluation of partition coefficient and acidity constants
of amphoteric substances by graphic differentiation
of the distribution ratio against pH curve
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The solution of numerous problems of phar-
maceutical interest often requires the knowledge
of acidity constants of drugs (Newton and Kluza,
1978). The potentiometric and spectrophotometric
methods for evaluating acidity constants are not
generally applicable (King, 1965), e.g. to com-
pounds whose solubility in water is scarce or
which have very similar absorption spectra for the
conjugate acid-base species. On the other hand,
the use of the partition coefficient as the ex-
trathermodynamic reference parameter for hydro-
phobic bonding in biological and pharmacological
studies has generated a great interest (Leo et al.,
1971; Van de Waterbeemd, 1983) in distribution
measurements. Solvent extraction possesses several
advantages over other techniques which are used
to measure ionization constants of acids and bases
and may be applied in the study of amphoteric
substances as we will show in the following.
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For an amphoteric substance, HR, the distribu-
tion ratio between organic and aqueous phase is
governed by (charges omitted for simplicity)

[HR],
_ [HR], B [HR]
~ [R]+[HR] +[H,R] K, [H]
[_I‘ﬁ +1+ —K:
=Ka4fi (1)

where K, and K, are the acidity constants de-
fined as K, =[HRJ[H]/[H,R] and K, =[R]H]/
[HR], K, is the partition coefficient or distribu-
tion constant (Irving et al., 1978), and f; is the
molarity fraction (f;=[H;R]/Cg) of species HR
(j=1) in the aqueous phase.

By differentiation of Eqn. 1 we have

d?p d?f,
7 =Ky 2
d(pH) d(pH)

)

Values of d?D/d(pH)*=0 will locate points of
inflexion in the graph of D against pH. In a
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previous paper (Asuero et al,, 1986) it has been
shown that for a polyprotic acid (H,R)

a*,
d(pH)’

=2.3O37-fj (j—ﬁ)2_ i"oj(j_ﬁ)fj)
(3)

(j=0 to n), where 7n is the average number of
protons bound per R (Bjerrum, 1957)

i L @

For a diprotic acid (n =2), taking into account
that

l-n=f,—f, (5)
2-n=2f,+f (6)
we get

af Ye (202 F o f o
—— =2.303 fl(fo +f—hh—fif 6f0f2)
d(pH)

(7)

making

(H"] _

K. K., ®

2

and taking into account the relationship between
the acidity constants and molarity fractions
(Asuero et al, 1986), at the points where the
second derivative is zero the following relationship
can be shown to be valid

yt - Ra y*—6y*— Ka’y+1=0 (%)
K., K.,

The values of the inflexion points in the graph
of D against pH may be calculated from the two

real positive roots of Eqn. 9, which can be fac-
tored to give

Koy _pf-6y?+1 1 8
Kaz y3+y Y y

(10)
y+ 5

Taking into account the definition of hyperbolic
sine and cosine functions cosh x = (e* +e™*)/2,
sinh x =(e* —e™*)/2, it can be shown that the
square root of the ratio of K, by K, depends on
the difference between the pH values correspond-
ing to the maximum (pH’) and the points of
inflexion (pH"") of the D-pH curve

K *
N 43 sinh(ln( cosh(ln 10 ApH*) ))

Kaz \/5
(11)
where
ApH* =pH'—pH"” =log y (12)

The pH” values may be obtained by graphical
differentiation (Asuero et al., 1986; Asuero et al.,
1987; Asuero et al, 1988) of a smooth curve
plotted through experimental values of D ob-
tained at various values of pH. If many data
points are obtained, a direct plot of AD/ApH
from experimental data against pH will suffice.
The maximum and minimum of this representa-
tion allows the inflexion points of the D-pH curve
to be calculated whereas the point of zero ordinate
gives the pH’ value.

Once the value of /K, /K, is known, the pK,

values may be evaluated from

az

’ Kal
pK,,=pH  + log\/ X (13)

K,
pK, =pH' - log\/ I8 (14)

a3



so that from differentiation of Eqn. 1 (Asuero et
al., 1986) we get

dD afh _ e =
om0 ~ K In10-K,-f,(1 - 7)

(15)

and thus, in the maximum of the D-pH curve it
follows that 1 — n =0, and then f,=/,, and

pH = /K, K,, (16)

Conversely, the knowledge of the ratio of K,
by K,, allows to evaluate the difference in pH
units between the maximum and the points of
inflexion. In effect, from Eqn. 11 we get

ApH* = arc cosh(v2

1
In 10

. 1 a
Xexp|are sinh| 74/ 55— (17)

az

Once the values of pK, and pK, are known,
the parameter K ;may be calculated from a rep-
resentation of log D against log f; for various pH
values

log D=1log K + log f; (18)

This method is applicable only to those D-pH
curves which exhibit a maximum, and inflexion
points that can be accurately located depending
on the quality of experimental data. In such cases,
the coordinates of the inflexion points are useful
parameters that can aid in the evaluation of the
acidity constants and partition coefficient (distri-
bution constant) of amphoteric substances.

This paper is inspired by previous work re-
ported by Irving et al. (1955).
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