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Abstract

A mathematical equation, namely Jouyban—Acree model, for calculating apparent acid dissociation con&fpimishffmro-organic

mixtures with respect to the concentration of organic solvent and temperature is proposed. The correlation ability of the model is evaluated by

employing K, values of 17 different acids in water—cosolvent systems. The results show that the model is able to corrédateatbhepwith

an overall average percentage differences (APD) of £.1186%. In order to test the prediction capability of the model, nine experimental
pK, values from each data set have been employed to train the model, thel,thalpes at other solvent compositions and temperatures
were predicted and the overall APD obtained is 2£1042%. The applicability of the extended form of Jouyban—Acree modeKqmlata

of analytes in ternary solvent mixtures is also shown.
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1. Introduction ties of postulated intermediates), salt formation, purification
proces$l] and pharmaceutical formulation developmi@nt
During the lead optimization phase of drug discovery Experimental measurements oKgpvalues are expen-
studies, where a large number of molecules are biologically sive, difficult, time consuming and limited by purity of com-
evaluated in parallel, the determination of physico-chemical pounds (almost all experimental methods except capillary
properties is essential to ensure adequate characterizatioelectrophoresis)3], low analyte solubility (in potentiome-
and quality of developed candidatdg. The knowledge of  try), the range of pH (in high performance liquid chromatog-
acid dissociation constants of these new chemical entities israphy), spectral similarities (in spectrometric methods), and
of fundamental importance in order to provide information stability of analytes (e.g. chemical reactions intermediates).
for scientists working on chromatographic separations (re- The most important limitation is that before synthesis of a
tention times and selectivity dependence of mobile phase pH)compound, its K5 value cannot be estimated experimentally.
[2], capillary electrophoresis separations (migration times  Although water is the most common solvent in chemi-
or mobilities of the ionic species over a range of pH values) cal/pharmaceutical applications, organic solvents are used
[2], pharmaceutical drug discovery and developmi@ht as a cosolvent in order to adjust separation selectivity and
chemical reactivity (selection of conditions for synthesis by maodify solubility, stability, K5 and other characteristics of
considering the effects of pH on reaction products and proper-the analytes. Temperature plays a significant role in most
of the chromatographic and electrophoretic methods and it
is recognized as the most relevant parameter in gas chro-
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disregarded temperature effects in liquid chromatography = Summation of EqH2)—(4)yields:
whereas elevated temperature is a usual controlling vari-

able in reversed phase liquid chromatography. Today pub- MH+ + MAf [THN

lications stated the reasons for fearing of such methods

:Xc + C,— Cc +XW W++ 11)7_ w
and now temperature in combination with pH and cosol- (M"” Ha- ~ Hia) (ke + Hn- = 144in)

vent addition are introduced as variables to adjust selec- + (Ao + Bo — Co) X X"
tivity towards acidic and basic compounds e.g. see Refs. 4 (A1 + By — C1)XSXV(XC — X (5)
[4-6].

Since the K, value of many compounds is determined Replacing the corresponding equals from @ginto Eq.(5)
commonly at 25C, prediction of K, at different temper-  with appropriate rearrangements give:
atures (e.g. body temperature €7 would be very useful
tool for biological and biomedical applications. Using mixed 2.303R log K;“’T
solvents in the analytical/pharmaceutical areas is acommon ¢ cT W w.T
method to optimize solubility and/or separation efficiency. = X'(2.303Rlog K3) + X7(2:303R log K3™")

However, the number of solvent compositions and tempera- + (Ao + Bo — Co) XCXW

ture combinations is quite large and it is difficult to determine

all possible combinations by experiments. Thus, a good al- XcXW(Xc — X"

ternative is to use computational methods. The aim of this +(A1+ B1— (1) (6)

. . T
work is to present a mathematical treatment Kf, palues

as a function of solvent composition and temperature. The Since 8o +Bg — Cp), (A1 + B1 — C1) and 2.30Rare constant
accuracy of the proposed model is assessed by using availvalues and a=—logKs, it is possible to simplify Eq(6)

able K, values in mixed solvents at various temperatures as:
collected from the literature. XCxW
PKz" = X“pKg" + X"pKZ'" + Wo

2. Theoretical treatment Wy XCXW(XTC - X% Ko

A dissociation reaction of a monoprotic acid (HA) in a whereW = (Ag + B — Co)/2.30R andWs = (A; + By — Cy)/
solvent can be represented as: 2.30R. It is obvious that one can use the volume /weight

HA < Ht +A~, Kn= cH 9A fractions of the solvents instead of the mole fractiffjsand
aHA rewrite Eq.(7) as:

whereais the activity of the chemical species. The logarithm foW
of K5 expressed as: pKIM T = fCpkST 4 fWpkWT 4 Kottt
2.303RT log Ka = py+ + pa- — HA (1) FEFY(fC — fW) @®
whereu denotes chemical potential of the species. T

The chemical potential in aqueous cosolvent mixtures can wherek g andKj are the curve-fitting parameters. The numer-
be expressed as the mole fractions of the cosolvents: ical values oKg andK1 can be computed by fittin 79 the exper-

imental values of (KT — fepkS? — W pk®T) against

m Cc,C W, W CyW
Upr = X + X + AgXX . . . _
HY HY HY LS and L2071 by using a no intercept least square

+ A1XCXW(XxC® — xV) 2 analysis.
The general form of the proposed equation can be ex-
e = XS+ XV + BoX°x" pressed as:
+ B1 X X" (X° — xV) (3) PKMT — fCpKST 4 fWpgWT
mo= X%l + XVl + CoxCx™ Ky(f° = )
KHA KA Mha + Co + forv Z A )
+ C1X°XV(X° — x) (4)

where superscripts m, ¢ and w denote mixed solvent, pureThe model could possess as many curve-fitting parameters
cosolvent and pure water, respectivelyjs the mole frac- as needed for accurate representation of experimental data.
tion of the solvents, and, B and C the solute—solvent  However, it is preferred to employ the lowest number of
and solvent—solvent interaction terms. These terms repre-curve-fitting parameters, since it requires minimum number
sent the two body and three body interactions in the solution of experimental data in model training process. In some cases,
[7]. the numerical values off are not available. If so, it is pos-
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