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Abstract—The aqueous solubility (Sw) of liquids and solids, expressed as log Sw as well as their partition coefficients in different
solvent systems viz. Poct (partition coefficient in octanol-water), P16 (partition coefficient in water-hexadecane), Palk (partition
coefficient in water-alkane), and Pcyc (partition coefficient in water-cyclohexane), and aqueous solubility (Sw) have been estimated
using the PI (Padmakar–Ivan) index and the results compared with those obtained using the widely used Wiener index (W).
Regression analysis of the data using n-alkanes show that the PI index gives better results than the W index.
# 2002 Elsevier Science Ltd. All rights reserved.

Introduction

The solubility of liquids and solids in water (Sw) as well
as partition coefficient of solutes in different solvents
viz. partition coefficient in octanol-water (Poct), parti-
tion coefficient in water-hexadecane (P16), partition
coefficient in water-alkane (Palk), and partition coeffi-
cient in water-cyclohexane (Pcyc) are very important
molecular properties that influence the release, trans-
port, and the extent of absorption of drugs in the
body.1�5 These properties are the key determinants of
the environmental fate of agrochemicals and pollutants
in the environment.

A number of methods are also reported for estimating
the aforementioned parameters using molecular
descriptors other than topological indices.6 However,
very little work is done for the estimation of aforemen-
tioned parameters using topological indices. This has
prompted us to undertake the present investigation in
that we have used recently introduced the PI (Padma-
kar–Ivan) index7�12 for modeling, monitoring, and esti-
mating Poct, P16, Palk, Pcyc and Sw and compared the
results with those obtained using widely used Wiener
index (W).13 In doing so we have chosen n-alkanes

(Table 1) as all these parameters for this set of com-
pounds are easily available in the literature1,5 which can
be adopted.

Results and Discussion

A perusal of Table 1 shows that all the five properties
viz. log Poct, log P16, log Palk, log Pcyc, and log
Sw increase with the size of the alkanes. It means
that these properties are the function of size,
shape, and branching of the molecules. Hence, it
appears that Wiener-type indices will be the most
appropriate for modeling, monitoring, and estimat-
ing these properties.

The data presented in Table 2 shows that like the
aforementioned properties, the magnitude of W and PI
indices also increase with the size of the alkanes under
present study. This means, both these indices would be
quite suitable for modeling the five properties men-
tioned above.

The data presented in Tables 2 and 3 indicate that sim-
ple regressions are enough to model these five proper-
ties. In view of this we have carried out simple
regressions and the results are discussed below. The
regression parameters and quality of correlations needed
for this purpose are given in Table 3.
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Modeling log Poct

The data presented in Table 3 show that the PI index is
a better index than the W index for modeling log Poct.
The related regression equation is found as follows:

log Poct ¼ 2:6043þ 0:0392 PI

n ¼ 15; Sy ¼ 2:2426; r ¼ 0:9480
ð1Þ

Here, and hereafter, n, is the number of compounds;
Sy, is the standard deviation in y (log Poct ) or any

other property; and r, is the regression coefficient.
Based on these statistics we believe that the regres-
sion eq 1 is an excellent model for modeling log Poct.
This finding is in accordance with our earlier
results.14

Modeling log P16

Compared to log Poct the data set available for model-
ing log P16 is smaller. Here, we have only 10 log P16,
data available for 10 alkanes. The data presented in
Table 3 show that in this case also the PI index gives
better results than the W index. The corresponding
model is found as follows:

log P16 ¼ 2:3882þ 0:0681 PI

n ¼ 10; Sy ¼ 1:8719; r ¼ 0:9244
ð2Þ

Modeling log Palk and log Pcyc

The data set for modeling log Palk and log Pcyc are still
smaller than the cases discussed above.

The regression analyses with such a small data will give
false models and therefore, their modeling is not
attempted.

Table 1. Partition coefficient and solubility of alkanes (refs 1 and 5 )

Compd Alkane log Poct log P16 log Palk
a log Pcyc

a �log Sw

1 Methane 1.09 1.14 1.37 1.33 0.90
2 Ethane 1.81 1.83 2.05 2.06 1.36
3 Propane 2.36 2.49 2.73 2.79 1.94
4 n-Butane 2.89 3.13 3.38 3.62 2.57
5 n-Pentane 3.39 3.87 4.06 4.27 3.18
6 n-Hexane 3.90 4.49 4.58 — 3.84
7 n-Heptane 4.50 5.14 — — 4.53
8 n-Octane 5.15 5.79 — — 5.24
9 n-Nonane 5.65 6.49 — — 5.88
10 n-Decane 6.34 7.01 — — 6.98
11 n-Undecane 6.54 — — — 7.59
12 n- Dodecane 6.80 — — — 7.67
13 n-Tridecane 7.56 — — — —
14 n-Tetradecane 8.00 — — — 7.96
15 n-Hexadecane 9.57 — — — 8.40

Poct—Partition coefficient in octanol–water, P16—partition coefficient in water–hexadecane, Palk—partition coefficient in alkanes, Pcyc—partition
coefficient in water–cyclohexane, and Sw—solubility in water.
aDue to a small sample size no regression analyses was carried out for modeling log Palk and log Pcyc, as they may result into false models.

Table 2. Wiener (W) and PI indices of alkanes (refer to Table 1)

Compd Alkane W PI 1/W 1/PI �log Sw

1 Methane 0 0 0.0000 0.0000 0.90
2 Ethane 1 0 1.0000 0.0000 1.36
3 Propane 4 2 0.2500 0.5000 1.94
4 n-Butane 10 6 0.1000 0.1667 2.57
5 n-Pentane 20 12 0.0500 0.0833 3.18
6 n-Hexane 35 20 0.0290 0.0500 3.84
7 n-Heptane 56 30 0.0179 0.0333 4.53
8 n-Octane 84 42 0.0120 0.0238 5.24
9 n-Nonane 120 56 0.0080 0.0179 5.88
10 n-Decane 165 72 0.0061 0.0139 6.98
11 n-Undecane 220 90 0.0046 0.0111 7.59
12 n- Dodecane 286 110 0.0035 0.0091 7.67
13 n-Tridecane 364 132 0.0028 0.0076 —
14 n-Tetradecane 455 156 0.0022 0.0064 7.96
15 n-Hexadecane 680 210 0.0015 0.0048 8.40

Table 3. Regression parameters and quality of correlations

Property Topological index Sx Sy A B r Q

log Poct (n=15) W 64.9020 2.4320 2.7838 0.0365 0.8964 0.3685
PI 54.1920 2.2426 2.6043 0.0392 0.9480 0.4227

log P16 (n=10) W 56.8199 1.8719 2.5615 0.0295 0.8962 0.4787
PI 25.4034 1.8719 2.3882 0.0681 0.9244 0.4938

log Sw (n=14) W 135.2096 2.5707 3.3914 0.0137 0.7226 0.2811
PI 64.9020 2.4320 2.7838 0.0365 0.8964 0.3686

Sx—Standard deviation in x (molecular descriptor); Sy—standard deviation in y (property or activity); A—intercept; B—slope; r—correlation
coefficient; Q—quality factor.
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Modeling log Sw

The data set for modeling log Sw is similar to that of log
Poct. Hence, we can attempt successful regressions with
these sample. Once again the PI index is found better
than the W index for modeling log Sw:

log Sw ¼ 2:7838þ 0:0365 PI

n ¼ 14; Sy ¼ 2:4320; r ¼ 0:8964
ð3Þ

The results discussed so far indicate that the PI index is
a better index than W and that it gave best results for
modeling log Poct. The data (Tables 4 and 5) show that
in modeling the properties, the correlation potential of
the PI index follows the sequence:

log Poct > log P16 > log Sw ð4Þ

Conclusion

From the aforementioned results and discussion we
conclude that the PI index is a better index than the W
index for monitoring, modeling, and estimating log Poct,
log P16, and log Sw for the set of alkanes used in the
present study. Among these properties the PI index is
best suited for modeling log Poct.

Experimental

Properties—Poct, P16, Palk, Pcyc, and Sw

All the five properties Poct, P16, Palk, Pcyc, and Sw were
adopted from the literature1,5 and used by converting
them to their respective log units.

Table 4. Comparison of estimated parameters with the experimental parameter using the Wiener (W) index

Compd log Poct log P16 �log Sw

Expt. Estd. Res. Expt. Estd. Res. Expt. Estd. Res.

1 1.09 2.78 �1.69 1.14 2.56 �1.42 0.90 3.39 �2.43
2 1.81 2.82 �1.01 1.83 2.59 �0.76 1.36 3.39 �2.49
3 2.36 2.93 �0.57 2.49 2.67 �0.18 1.94 3.44 �1.50
4 2.89 3.14 �0.25 3.13 2.86 0.27 2.57 3.52 �0.95
5 3.39 3.51 �0.12 3.87 3.15 0.71 3.18 3.66 �0.48
6 3.90 4.06 �0.16 4.49 3.59 0.89 3.84 3.87 �0.03
7 4.50 4.82 �0.32 5.14 4.21 0.92 4.53 4.15 0.38
8 5.15 5.84 �0.69 5.79 5.04 0.75 5.24 4.54 0.70
9 5.65 7.16 �1.51 6.49 6.10 0.39 5.88 5.03 0.85
10 6.34 8.80 �2.46 7.01 7.42 �0.41 6.98 5.65 1.33
11 6.54 10.81 �4.27 — 7.59 6.40 1.19
12 6.80 13.22 �6.42 — 7.67 7.30 0.37
13 7.56 16.06 �8.50 — —
14 8.00 19.39 �11.39 — 7.96 9.62 �1.66
15 9.57 27.60 �18.03 — 8.40 12.70 �4.30

Expt.—experimental, Estd.—estimated, Res.—residue.

Table 5. Comparison of estimated parameters with the experimental parameter using the PI index

Compd log Poct log P16 �logSw

Expt. Estd. Res. Expt. Estd. Res. Expt. Estd. Res.

1 1.09 2.60 �1.51 1.14 2.38 �1.24 0.90 2.78 �1.88
2 1.81 2.60 �0.79 1.83 2.38 �0.55 1.36 2.78 �1.42
3 2.36 2.68 �0.32 2.49 2.52 �0.03 1.94 2.85 �0.91
4 2.89 2.83 0.06 3.13 2.80 0.33 2.57 3.00 �0.43
5 3.39 3.07 0.32 3.87 3.21 0.66 3.18 3.22 �0.04
6 3.90 3.38 0.52 4.49 3.75 0.74 3.84 3.51 0.33
7 4.50 3.78 0.72 5.14 4.43 0.71 4.53 3.88 0.65
8 5.15 4.25 0.90 5.79 5.25 0.54 5.24 4.32 0.92
9 5.65 4.80 0.85 6.49 6.20 0.29 5.88 4.83 1.05
10 6.34 5.43 0.91 7.01 7.29 �0.28 6.98 5.41 1.57
11 6.54 6.13 0.41 — 7.59 6.07 1.52
12 6.80 6.91 �0.11 — 7.67 6.80 0.87
13 7.56 7.77 �0.21 — —
14 8.00 8.71 �0.71 — 7.96 8.47 �0.51
15 9.57 10.83 �1.26 — 8.40 10.44 �2.04

Expt.—experimental, Estd.—estimated, Res.—residue.
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Wiener index (W)

The Wiener index (W)13 of a graph G is just the sum of
distances of all pairs of vertices of G.

W ¼ W Gð Þ ¼ 1=2

X
d v; ujGð Þ ð5Þ

Where d (vjG) is called the distance number (minimum
distances) of vertex v and is defined as:

d vjGð Þ ¼
X

d v; uð jGÞ

uV Gð Þ ð6Þ

PI index

The PI index9,10 in its definition relies on the notation of
edge types in the chemical graph of the molecule to be
characterized and is considered as the modification of
Szeged index.15,16 The PI index is defined as:

PI ¼ PI Gð Þ ¼
X

e

neu e Gj Þ þ nev eð jGð Þ½ � ð7Þ

Where neu ejGð Þ is the number of edges lying closer to the
vertex u than the vertex v. The meaning of nev is analo-
gous. Edges equidistant from both ends of the edge uv
are not counted (taken into account) for the calculation
of the PI index.

Regression analysis

All the regression analyses17 were carried out using
Equation Grapher with regression analyzer software.
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