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To the Editor:

Yalkowsky and Valvani (1) made a valuable analysis of
the melting-point effect on the solubility of solid com-
pounds and discussed the correlation between water sol-
ubility (S) and the octanol-water partition coefficient (P).
Regression equations between log S and log P were con-
structed using log P values calculated primarily from
molecular fragment constants developed by Nys and
Rekker (2).

We have found several points relevant to the Yalkow-
sky-Valvani analysis (1). First, part of their conclusions
for a particular class of compounds was based on a linear
regression between the values of log Sobs and 1og Pestim
obtained from the correlation equation for that class of
compounds. Regression of this kind must, in principle,
yield log Sgps = 1.0 log Segtim With an intercept equal to 0.0.
The correlation coefficient will then be a measure of how

for the compounds in Table VI, i.e.,log S = —0.9874 log P
— 0.0095(MP) + 0.7178, the estimated S values then de-
viate appreciably from the experimental data.

It is understood that log P values calculated by various

fragment approaches are only as accurate as the values

used to define each fragment. At this time, the rules to
calculate log P values are empirically derived. This ap-
proach has led to numerous correction factors for such
things as branching, flexibility, chain length, bond un-
saturation, and substituent polarity. In general, the frag-
ment approach works reasonably well for simple low mo-
lecular weight molecules. It tends to be less accurate for
more complex molecules.

Third, Yalkowsky and Valvani assumed that the effect
of octanol-water mutual saturation on the partition
coefficient was small and thus ignored it in their treatment.
Banerjee et al. (3) also reported no observable effect of
octanol-water mutual saturation. Although this effect is
expected to be small for compounds with relatively high
solubilities in both octanol and water, it becomes signifi-
cant for solutes with limited solubilities. Consequently, it
would be a factor in the correlation of log S versus log P at
the low S (high P) region.

The significance of octanol-water mutual saturation
may be evaluated by comparing experimental P values
with those calculated from solute solubilties in octanol and
water for some high melting solid compounds. Because of
the high melting-point effect, solids have limited solubil-
ities in both solvents and their partition coefficients can
be determined directly from the ratios of solute solubilties
in the two solvents. Note that at low (mole fraction) con-
centrations, solute activity coefficients are essentially
constant and the log P of a solute would be practically
constant at all concentrations.

We selected p,p’-dichlorodiphenyltrichloroethane (I)!,
hexachlorobenzene (II)2, and anthracene (III) for illus-
tration. The experimental and estimated octanol-water
partition coefficients and the determined solubilities in
water, octanol, and water-saturated octanol for these

Table I—Solubilities and Octanol-Water Partition Coefficients of I, II, and IIT

Compound Melting Point Sw (ug/liter)e S, (g/liter) Somw (g/liter) log S,/S,, log Pexp log Pegt?
1 108.5° 5.5 §25°;‘ 41.5 (24°) 31.9 (24°) 6.88 6.36 —
5.0 (20°
11 230° 5.0 (25°)¢ 3.53 (23°) 2.65 (23°) 5.85 5.50 6.53
I 216° 45 (25°)d 2.44 (23°) 2.22 (23°) 4.73 4.45¢ 4.63

a Key: S, solubility in water; S, solubility in octanol; So/, solubility in water-saturated octanol; and Pyp, experimental octanol-water partition coefficient. b Estimated
values from fragment constants given in Ref. 1. ¢ Reference 7. ¢ Reference 8. ¢ Reference 6.

well log Sobs fits log Sestim. For reasons unspecified, this
condition was not met in their Eqs. 32-36.

Second, the calculated values of log P for some low sol-
ubility compounds are highly imprecise. For instance, the
values of log P, 5.05, 5.79, and 6.53, estimated for
1,2,3,5-tetra-, penta-, and hexachlorobenzene, respectively,
in their Table VI, are considerably greater than the cor-
responding experimental values of 4.46 (3), 4.94 (3), and
5.50 (4). It is surprising that the molar solubilities (log S)
predicted from these calculated log P values and the solute
melting points (MP) fall into close agreement with the
experimental log S. If experimental log P values are en-
tered into the correlation derived by Yalkowsky et al. (5)
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compounds are given in Table L. If it is assumed that mu-
tual saturation has no effect on solute partitioning, the
partition coefficients should be equal to the ratios of solute
solubilties in pure octanol and water (S,/Sy); i.e.,log P =
6.88 for I, 5.85 for 11, and 4.73 for III. These calculated P
values are larger than the experimental values by factors
of 3.3, 2.2, and 1.9 for I, 11, and III, respectively. The dif-
ference between experimental and calculated P values
results presumably from an alteration of the solute solu-
bilities in the two solvents due to their mutual saturation.

1 Commonly referred to as DDT.
2 Commonly referred to as HCB.



Water (2.3 M) dissolved in octanol (6) reduces solute sol-
ubility in octanol, while octanol (4.5 X 10~3 M) in water (9)
enhances solute solubility in water. To support this point,
the solubilities of these three compounds in water-satu-
rated octanol are shown to be reduced by ~10-30% because
of water saturation. These results suggest that octanol in
water promotes water solubility by ~75% for 111, 70% for
11, and 150% for 1.

Based on these findings, the use of experimental parti-
tion coefficients probably would improve the reliability of
the log S-log P correlation at the high P region.
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To the Editor:

The preceding paper (1) raised three concerns about our
recent paper (2) which we shall now attempt to alle-
viate.

The first concern of Chiou et al. (1) is that Eqs. 32-36
of Ref. 2 do not have slopes of unity and intercepts of zero.
The reason for this apparent discrepancy was mentioned

Table I-—Aqueous Molar Solubility (S, ) and Octanol-Water
Partition Coefficients (PC) of Tetra-, Penta-, and
Hexachlorobenzenes

log S,
Experi- Pre-
Melting mental Ob- dicted
Compound point log PC  served® byEq.2
1,2,3,5-Tetrachlorobenzene 54° 4.46° —4.79  —4.46
Pentachlorobenzene 86° 4.94% -5656  —5.35
Hexachlorobenzene 230° 5.50¢ -1.76 -7.67

o Reference 2. ® Reference 3. © Reference 1.

briefly in the paragraph preceding Eq. 37 of Ref. 2 but will
be discussed more completely here.

Equation 30 of Ref. 2 was developed on the basis of the
theoretical relationships between solubility, partition
coefficient, melting point, and entropy of fusion. Solubility
data for five classes of compounds were compared to the
predictions based on:

log S, = ~log PC — 0.01MP + 1.05 (Eq. 1)

Only if this theoretical equation perfectly predicted all of
the solubilities would the slope be unity and the intercept
ZEero.

In most cases, the slopes were not significantly different
from unity; however, the intercepts tended to be slightly
negative rather than zero. This trend shows a systematic
overestimation of solubility by a factor of ~3. This finding
indicated that while the theoretical equation was not
perfect, it did provide a basis for assessing the role of the
partition coefficient and the melting point in controlling
aqueous solubility.

Each of the five classes of compounds represents a fairly
small data set (in most cases covering only a few orders of
magnitude in solubility). The slopes and intercepts are
thus more subject to errors in the log S,, measurements
and/or the log PC estimation than is the whole data set,
which covers almost nine orders of magnitude. The em-
pirical equation for rigid molecules (Eq. 39 of Ref. 2) is:

log S,y = —1.05log PC — 0.012MP + 0.87 (Eq. 2)

When Eq. 2 is used to estimate solubilities, it gives a
slope and intercept of unity and zero, respectively. This
final equation rather than the ones based on the smaller
data sets should be used to estimate aqueous solubili-
ties.

Second, Chiou et al. (1) point out that log PC calcula-
tions tend to be imprecise for low solubility compounds
and seem surprised that the calculated values work better
for estimating aqueous solubility than their own experi-
mentally determined values. The reason for this situation
is again statistical. For the reasons already described, it is
best to use Eq. 2 to estimate solubility. When this is done,
the experimental log PC values of Chiou et al. (1) will yield
calculated solubilities that are in excellent agreement with
the observed values as shown in Table 1.

The regression equations were obtained by correlating
aqueous solubility with melting points and calculated
values of log PC. If experimental log PC values were
available, the regression coefficient of log PC as well as the
intercept probably would be somewhat altered. Thus,
systematic errors in estimating log PC are compensated
for by the choice of the coefficient of log PC.
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