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Abstract—Predictive models for the lipophilicity (logP) of first 25 derivatives of polyacenes are reported. The models are derived
from distance-based numerical descriptors which encode information about topology of each compounds in the data set. A new
PI-type index called Sadhna index and abbreviated as Sd is introduced for the first time, and its relative correlation potential is
established using the results obtained from Wiener (W), Szeged (Sz), first-order Randic connectivity (), and Padmakar—Ivan indi-
ces. The data show that lipophilicity (logP) is best modelled in bi-parametric model containing PI and Sd indices. The effect due to
size, shape, branching, steric and polarity effects on the exhibition of lipophilicity is critically discussed. The predictive ability of the

models is discussed on the basis of cross-validation parameters.

© 2002 Elsevier Science Ltd. All rights reserved.

Introduction

The basic assumption of Quantitative Structure—Activity/
Property Relationships (QSARs/QSPRs) is that there
are some quantitative relationships between molecular
structure and activities (properties) of a molecule.!"? The
term structure does not necessarily mean the spatial
arrangement of atoms in a molecule itself, but physico-
chemical properties inherent in that arrangement.?

The polyacenes, L, with i-hexagones, are linearly para-
annealated rather than the chemical and benzenoids
which posses translational symmetry (Fig. 1).

The chemistry of polyacenes is very much of interest to
synthetic chemists, environmental chemists, cancer
research chemists, structural chemists, etc.*® These
facts motivate our concern for QSPR in that we inves-
tigate now topological prediction of lipophilicity (logP)
of polyacenes. Such a study as discussed below, has not
been attempted so far.

The lipophilicity expressed by the logarithmic partition
coefficient (logP) is a very important physico-chemical
parameter which describes a partitioning equilibrium of

*Corresponding author. Tel.: +91-731-531906; e-mail: vijay-agrawal@
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Figure 1. The structure of polyacenes, hence, L;=benzene,
L, =naphthaline, L; = anthracene, and so on.

solute molecules between water and an immisible
organic solvent®!! It is of particular importance in drug
design not only because it encodes a wealth of structural
information in spite of its success in describing hydra-
tion—dehydration effect, logP has the bias of all empiri-
cal parameter. It can be determined either from the
costly and time consuming experiments or from the
approximate empirical formula with limited reliability.!?
However, the objective of the present study is not to
introduce another method for the determination of logP,
but to use topological indices for predicting lipophilicity
(logP) of a series of polyacenes. Therefore, it is quite
meaningful to seek the theoretical parameters (topolo-
gical indices in our case) which may model lipophilicity,
that is, logP of polyacenes under present study.

In view of the above and to fulfil our objective we
introduce here a new topological index for predicting
lipophilicity (logP) of the polyacenes used in the present
investigation. This index is named as Sadhna index and
abbreviated as Sd. This index was conceived through pro-
longed experiments on the newly introduced Padmakar—
Ivan (PI) index.!3~'> While attempting an elementary cut
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Table 1. The newly introduced Sadhna index (Sd) and other related
indices used for comparison

No. Name Abbreviation References

1 Sadhna index Sd Newly introduced
2 Wiener index w 18

3 Szeged index Sz 16,17

4 Padmakar—Ivan index PI 13-15

5 First-order Randic X 19

Connectivity index

method for the estimation of PI index (see Experimental
for details) we have conceived the Sd index. This index,
like the Szeged index,'®!7 is applicable only to cyclic
graphs. In the case of polyacenes, this new index, Sd, is
defined as below:

Sd = 2h(5h + 1) (1)

where, & is the number of hexagons involved in the
polyacene molecule (for detail see Experimental). The
estimation of Sd for other polycyclic systems is under-
way and the results will be published elsewhere.
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Another objective of the present investigation is to dis-
cuss relative potential of Sd index compared to other
related topological indices in modelling lipophilicity
(logP) of polyacenes. Such indices used in the present
investigation are given in Table 1. All these indices, like
the Sd index, are distance-based topological indices. The
results as given below show that the Sd index can be
successfully used for predicting lipophilicity (logP) of
the polyacenes used. Furthermore, as shown below, the
Sd index is found to be better than the Wiener!'® (W),
Szeged!®!7 (Sz), and PI'3~!5 indices, but is bettered by
the first-order-Randic connectivity index (x)'° (Table 1).

Results and Discussion

The topological indices, namely W, Sz, PI, y and Sd, for
the first 25 members of the polyacene series are sum-
marised in Table 2. Table 2 also records the lipophilicity
(logP) of the polyacenes used. The correlation of these
five descriptors along with their correlations with lipo-
philicity (logP) are shown in Table 3. It shows that all the
five topological indices are highly correlated. The corre-
lation ranges between 0.9273 and 1.0000. The same is

Table 2. The polyacenes, their lipophilicity (logP), the newly introduced Sadhna Index (Sd) and other related indices used for comparison

Polyacene LogP MV o W Sz PI X Sd
L, 2.202 26.3 10.40 27 54 24 3 12
L, 3.396 129.5 17.48 109 243 96 4.967 44
L 4.59 157.6 24.55 279 640 216 6.933 96
L, 5.784 191.7 31.62 519 1381 384 8.899 168
Ls 6.978 225.8 38.70 1011 2506 600 10.866 260
L 8.172 260.5 45.77 1037 4119 864 12.832 372
L, 9.366 294.0 52.84 2479 6308 1176 14.798 504
Lg 10.56 382.2 59.92 3569 9161 1536 16.765 656
Lo 11.754 362.2 66.99 4939 12,766 1944 18.731 828
Lio 12.948 396.4 74.06 6621 17,211 2400 20.697 1020
| 14.142 430.5 81.14 8647 22,584 2904 21.663 1232
Li» 15.336 464.7 88.21 11049 28,933 3456 24.63 1464
L3 16.53 498.8 95.28 13,859 36,466 4056 26.596 1716
| 17.724 532.9 102.36 17,109 45,151 4704 28.562 1988
Lis 18.918 567.0 109.43 20831 55,116 5400 30.529 2280
Lis 20.112 601.0 116.50 25,057 66,449 6144 32.495 2592
L7 21.306 635.2 123.58 29,819 79,230 6936 34.461 2924
Lig 22.506 669.4 130.65 35,149 93,571 7776 36.428 3276
Lo 23.614 703.5 137.72 41,079 109,536 8664 38.394 3648
| 24.88 737.6 144.80 4764 127,221 9600 40.36 4040
| 26.082 771.7 151.87 54,867 146,714 10,584 42.327 4452
Ly, 27.276 805.8 158.94 62,789 168,103 11,616 44.293 4884
Lo 28.47 839.9 166.02 71,439 191,476 12,696 46.259 5336
Loy 29.664 874.0 173.09 80,849 212,505 13,824 48.226 5808
Los 30.858 908.2 180.16 91,051 244,526 15,000 50.192 6300
Table 3. Correlation table for the parameters used in Table 2

LogP MV w Sz PI x Sd
LogP 1.0000
MV 0.9978 1.0000
w 0.9265 0.9173 1.0000
Sz 0.9258 0.9166 0.9999 1.0000
PI 0.9707 0.9629 0.9887 0.9885 1.0000
% 0.9999 0.9977 0.9273 0.9267 0.9713 1.0000
Sd 0.9712 0.9634 0.9885 0.9882 1.0000 0.9718 1.0000
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Table 4. Proposed regression models for modelling lipophilicity

(logP) of polyacenes.

Mono-parametric models

(1) logP=9.1705+2.9079x 10~4(2.4628 x 10> )W
(2) logP=9.2100+ 1.0875x107%4(9.2576 x 10~9)Sz
(3) logP=6.9662+0.0018(9.2970x 10~3)PI

(4) logP=0.4221+0.6064(0.0018)y

(5) logP=6.9192 +0.0043(2.1992)Sd

Bi-parametric models

(6) logP=4.3032+0.0045 (2.4127x10~*)P1+4.6500x 10~4(4.0783x 10~5)W
(7) logP=4.2782+0.0045(2.3645x 10~4)P1—1.7236(1.4958 x 10~3)Sz

(8) logP=0.3720-1.60381077 (2.3006x 10~*)PI+0.6115(0.0075) %

(9) logP=1.0123-0.2486 (4.0042x 10~#PI +0.5965(9.5410x 10~*)Sd

(10) logP=4.2390+0.0107(5.5858 x 10~%)Sd—4.5750x 10~* (3.9626 x 105 )W
(11) logP=4.2149+0.0106(5.4752x10~%)Sd—1.6959x 10~* (1.4537x10>)Sz
(12) logP=0.3721-3.8381x 1075 (5.5224x 103)Sd + 0.6116(0.0070)y,

Monoparametric models based on MV and o
(13) logP=—0.6480 + 0.0341(4.7353x10~*)MV
(14) logP=0.4462 + 0.1695(7.0309x10~°) o

found to be the case when these topological indices are
correlated with lipophilicity (logP). The correlation of
Sd with W, Sz, PI and !y follows the following sequence:

PI>W=>Sz>yx

The data presented in Table 3 shows that:

2

(1) 7y is the excellent topological index for predicting

lipophilicity (logP);

(i) Sd is the next topological index which gives
slightly better results than the PI, W and Sz

indices for predicting logP;

(i) W and Sz have more or less similar predicting

potential.

The observed high collinearity among W, Sz, PI, y, and
Sd index means that they are not independent variables
for the other one(s). Also that, in general, two or more
variables which are highly inter-correlated are not used
simultaneously in the multiple regression analysis as
they may suffer from the defect due to collinearity.?%-?!
However, the results as discussed below show that bi-
parametric model involving such combinations do not
suffer from the defect due to collinearity. This is in

3501

accordance with the results reported by Randic?? and is
well explained below.

Simple regression resulted in five mono-parametric
models for modelling the lipophilicity (logP). These
models are presented in Table 4. The quality of regres-
sion expression (Table 5) show that the Sd index is a
better index than the W, Sz and PI indices for modelling
lipophilicity (logP) and is worse than the y index.

The mono-parametric regression expressions based on
Sd and y indices are found as:

logP = 6.9192 + 0.0043(£2.1992 x 10~4) Sd 3)

n=25,SE=2.1393, R=0.9712, F=381.711, 0 =0.4540

logP = 0.4221 + 0.6064(£0.0018)x @)

n=25, SE=0.1254, R=0.9999, F=117,845.94, Q =7.9737

These regression expressions correspond to models (5) and
(4), respectively, in Table 4.

In the above equations, the parameter Q is called the
quality factor and is defined® in the literature as the
ratio of correlation coefficient (R) to the standard error
of estimation (SE), that is, Q = R/SE, meaning thereby
the higher the value of R, the lower the SE, the higher
will be Q, and the higher will be the quality of model.

In spite of the fact that we have obtained statistically
excellent mono-parametric models, we attempted bi-
parametric models also for modelling lipophilicity
(logP) of the polyacenes used. The results are shown in
Table 4. The quality of the corresponding regression, as
shown in Table 5, indicate that the bi-parametric
model involving PI and Sd is the most appropriate for
modelling lipophilicity (logP). This regression expres-
sion (5), which corresponds to model (9) in Table 4 is
found as:

Table 5. The result of regression analysis: regression parameters and quality of correlations for modelling lipophilicity (logP) of polyacenes

Model no. Parameters SE R R F 0

1 W 3.3769 0.9265 — 139.413 0.2744
2 Sz 3.3918 0.9258 — 137.997 0.2730
3 PI 2.1548 0.9707 — 375.903 0.4505
4 X 0.1254 0.9999 — 117,845.014 7.9737
5 Sd 0.1393 0.9712 — 381.711 0.4540
6 PI, W 0.8382 0.9958 0.9909 1307.141 1.1880
7 PI, Sz 0.8306 0.9959 0.9911 1331.266 1.1990
8 PI, y 0.1268 0.9999 0.9998 57,605.837 7.8857
9 PI, Sd 0.0165 1.0000 1.0000 3.3901x10° 60.6060
10 Sd, W 0.8233 0.9960 0.9912 1355.328 1.2098
11 Sd, Sz 0.8159 0.9960 0.9914 1380.048 1.2207
12 Sd, % 0.1268 0.9999 0.9998 57,598.583 7.8857
13 MV 0.5392 0.9986 — 5297.698 1.8520
14 o 0.0020 1.0000 — 5.7639x 108 500.000
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logP = 1.0123 — 0.2486(£4.0042 x 10~4)PI

4 Q)
+0.5965(£9.5410 x 10~4)Sd

n=25 SE=0.0165,
0 = 60.6060

R=1.0000, F=7.9737x10°,

The data presented in Tables 4 and 5 show that the
models based on binary combinations of: (i) PI, ¥ and
(i1) Sd, x have similar statistics and that these models
are slightly worsened than the model discussed above.

It is worth mentioning that the sign of the regression
coefficient is important because it can contribute to the
understanding of the drug-action mechanism and/or
give us the useful information about the drug design.
Table 4 shows that the signs of the PI, W indices in
model (6) are positive while in other models the terms
involved have positive and negative coefficients. The
positive coefficients of PI and W indicate that these
quantities should be large for the exhibition of lipophi-
licity (logP). In model (7), the Sz index has a negative
coefficient, which means that large values of PI and
lower Sz favour lipophilicity (logP). In models (8) and
(9), the sign of PI is changed to negative. This may now
be attributed to very high collinearity between PI and y
as well as Sd. The same is found to be the case with
other models.

At this stage, it is worth mentioning that the positive
coefficients encode contributions due to size, shape,
branching, polarity and steric effect. Out of these, the
contributions due to size, shape and branching is taken
care of by the distance-based topological indices used in
the present study. In order to account for steric and
polarity effect, we have used molecular volume (MV)
and polarizability (o) for the purpose. MV is related to
the geometric locus around molecules where repulsive
and attractive interactions with approaching atoms bal-
ance each other. The correlation in Table 3 shows that
logP, MV and y are highly linearly correlated; the
correlation potential of PI and Sd indices in the exhibi-
tion of both logP and MV are similar and, compara-
tively, W and Sz are less significant for this purpose.

The data presented in Tables 6 and 7 show that here
also the same three types of bi-parametric models are
excellent for modelling MV. Table 7 shows that the
quality of these three excellent bi-parametric models
involving: (i) PI, y and (ii) PI, Sd and (iii)) Sd, y are
similar. This has prompted us to re-examine the corre-
lation between logP, Sd, 'y, MV, and o and then to
investigate regression models so as to offer contribu-
tion(s) of size, shape, branching, steric, and polar effect in
exhibiting lipophilicity (logP) of the polyacenes (Table 8).
Regression analysis shows that contribution of MV and
towards lipophilicity (logP) is found as below:

logP = —0.6480 + 0.0341(£4.7353 x 10~)MV (6)

n=25,
0=1.8520

SE=0.5392, R=0.9986, F=15297.698,

Table 6. Proposed regression models for modelling molar volume
(MV) of polyacenes

Mono-parametric models

(15) MV =288.0238 +0.0083(7.5371x 10~HW

(16) MV =289.1652+0.0031(2.8323x 10~%)Sz

17) MYV =224.4028 +0.0517(0.0030)PI

(18) MV =33.9474 +17.4983(0.2479)y,

(19) MV =223.0402 +0.1233(0.0072)Sd

Biparametric models

(20) MYV =144.0453+0.1338 (0.0106)PI +0.0140(0.0018)W
21) MV = 143.2468 +0.1330(0.0104)P1-0.0052(6.575010~*)Sz
(22) MYV =15.5493+0.0059 (0.0030)PI +19.3683(0.9841)y,
(23) MYV =36.0163-7.8696 (0.3977)PI + 18.8744(0.9477)Sd
(24) MYV =142.0886 +0.3158(0.0246)Sd—0.0138(0.0017)W
(25) MV = 141.3169 +0.3140(0.0242)Sd—0.0051(6.433x 10~%)Sz
(26) MYV =16.6022-0.0141(0.0072)Sd + 19.3825(0.9913)y,

Table 7. The result of regression analysis: regression parameters and
quality of correlations for modelling Molar Volume (MV) of poly-
acenes

Model Parameters SE R R F 0
no.
15 w 103.3461 09173 — 122.016  0.0089

16 Sz 103.7683  0.9166 — 120.838  0.0088
17 PI 70.0411  0.9629 — 292.717  0.0136
18 X 17.5926  0.9977 — 1981.293  0.0567
19 Sd 69.6079  0.9634 — 296.679  0.0138
20 PI, W 36.7249  0.9904 0.9791 563.187  0.0270
21 PI, Sz 36.5111  0.9905 0.9793  569.931 0.0272
22 PI, % 16.6017  0.9980 0.9957 2798.767 0.061

23 PI, Sd 16.4171  0.9981 0.9958 862.306 0.0608

24 Sd, W 36.3190  0.9906 0.9796 576.093 0.0273
25 Sd, Sz 36.1115  0.9907 0.9798  582.859  0.0274
26 Sd, % 16.6022  0.9980 0.9957 2798.601 0.0601

Table 8. Correlation matrix for logP, PI, Sd, y, MV and a of poly-
acenes

LogP MV o P1 % Sd
LogP 1.0000
MV 0.9978 1.0000
o 1.0000 0.9978 1.0000
PI 0.9707 0.9629 0.9707 1.0000
X 0.9999 0.9977 0.9999 0.9713 1.0000
Sd 0.9712 0.9634 0.9712 1.0000 0.9718 1.0000
logP = 0.4462 4 0.1695(£7.0309 x 10~%)« (7
n=25, SE=0.0020, R=1.0000, F=5.7639x108,
0 =500.0000

These regression expressions [(6) and (7)] correspond to
models (13) and (14), respectively, in Table 4.

These and earlier discussed results?*?° show that size,
shape, branching, steric effect and polarizability have a
similar effect on exhibition of lipophilicity (logP). This
finds further support from the fact that when MV and o
are coupled with the PI index independently, no change
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in the statistics of the resulting models occurs. Further-
more, when all the three parameters are used together,
the resulting model suffered from the defect in that the
coefficient of PI (or Sd) and MV terms were found con-
siderably lower than the corresponding standard devia-
tions. Such models are not statistically allowed. This
means that in modelling lipophilicity (logP) of the
polyacenes, PI, MV, and o or Sd, MV, or y, Mv, and o
are not independent parameters. The correlations
shown in Table 8 also show that the role of PI, MV, and
y is similar to that of MV and o, which means that the
parameters MV and o can be suitably exchanged by the
combination of PI, Sd and y indices. Hence, contribu-
tion due to size, shape, branching, steric effect and
polarizability are contained in this combination.

The predictive potential of the models (8), (9), (12) and
(22), (23), (26) in modelling lipophilicity (logP) and
molecular volume (MV), respectively, is determined by
examining the difference between the observed values of
each of logP and MV and their estimated values. Such
data are shown in Tables 9 and 10 for comparison. The
residue, that is, the difference between observed and
estimated parameters (logP and MV), indicates that the
bi-parametric model based on the combination of PI
and Sd is the most appropriate model for modelling
both logP and MV.

It is worth recording that, in spite of the fact that the PI
and Sd indices are highly correlated, their presence in
the aforementioned model is considered statistically
significant as their correlation coefficients are con-
siderably lower than their respective standard deviation
[see models (9) and (23)]. Randic??> has argued that one

should be particularly aware of a common fit in regression
analysis in describing descriptors that are highly inter-
correlated. He further stated that, by discarding one of
the descriptors which commonly duplicates another, we
may be discarding a descriptor that nevertheless may
carry useful structural information in the part in which
it does not parallel the other descriptor. Thus, following
Randic,?? we may safely say that the newly proposed Sd
index carries some additional structural information not
present in the other molecular descriptor with which Sd
correlated highly. A detailed study in this respect is
underway and will be published elsewhere.

Finally, predictive potentials of the proposed models are
determined by estimating cross-validation parameters
(Table 11). In all the cases, the predictive residual sum
of squares (PRESS) was found to be considerably lower
than the sum of the squares of regression values (SSY).
Also, PRESS/SSY are found to be smaller than 0.1. The
PRESS lower than SSY indicates that models predict
better than chance and can be considered statistically
significant. Similarly, PRESS/SSY <0.1 indicates that
the models have excellent predictive potential. In addi-
tion, RZ., indicates that the overall predictive ability of
all the proposed models (Table 11) is excellent.

It is worth recording that uncertainty of prediction
(SprEiss) 1s found to be same as that of standard error of
estimation (SE). It means that these parameters are not
good parameters to be used in deciding the predictive
ability of the model.

Consequent to the above, we have calculated the pre-
dictive square error (PSE) and observed that it is a better

Table 9. Estimated values of lipophilicity (logP) and their comparison with the observed values of lipophilicity (logP) of polyacenes (ref Table 4)

Compd Log P Obs. Log P estimated from:
Model (8) Model (9) Model (12)
Est. Res. Est. Res. Est. Res.

1 2.202 2.206 —0.004 2.205 —0.003 2.206 —0.004
2 3.396 3.408 —0.012 3.398 —0.002 3.408 —0.012
3 4.590 4.608 —0.018 4.592 —0.002 4.608 —0.018
4 5.784 5.808 —0.024 5.785 —0.001 5.808 —0.024
5 6.978 7.007 —0.029 6.978 0.000 7.007 —0.029
6 8.172 8.205 —0.033 8.171 0.001 8.205 —0.033
7 9.366 9.403 —0.037 9.365 0.001 9.403 —0.037
8 10.560 10.600 —0.040 10.558 0.002 10.600 —0.040
9 11.754 11.795 —0.041 11.752 0.002 11.795 —0.041
10 12.948 12.990 —0.042 12.945 0.003 12.990 —0.042
11 14.142 13.573 0.569 14.138 0.004 13.573 0.569
12 15.336 15.378 —0.042 15.332 0.004 15.378 —0.042
13 16.530 16.571 —0.041 16.526 0.004 16.571 —0.041
14 17.724 17.763 —0.039 17.719 0.005 17.763 —0.039
15 18.918 18.953 —0.035 18.913 0.005 18.955 —0.037
16 20.112 20.145 —0.033 20.107 0.005 20.145 —0.033
17 21.306 21.335 —0.029 21.300 0.006 21.335 —0.029
18 22.506 22.524 —0.018 22.494 0.012 22.524 —0.018
19 23.614 23.712 —0.098 23.688 —0.074 23.714 —0.100
20 24.880 24.899 —0.019 24.882 —0.002 24.899 —0.019
21 26.082 26.086 —0.004 26.076 0.006 26.086 —0.004
22 27.276 27.272 0.004 27.270 0.006 27.272 0.004
23 28.470 28.457 0.013 28.464 0.006 28.457 0.013
24 29.664 29.642 0.022 29.658 0.006 29.642 0.022
25 30.858 30.825 0.033 30.852 0.006 30.825 0.033
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Table 10. Estimated values of Molar Volume (MV) of polyacenes and their comparison with the observed values of MV of polyacenes (ref Table 6)

Estimated molar volume (MV) from:

Compd MYV Obs. Model (22) Model (23) Model (26)
Est. Res Est. Res Est. Res.
1 26.250 73.513 —47.263 73.638 —47.388 73.515 —47.265
2 129.500 111.186 18.314 111.005 18.495 111.188 18.312
3 157.600 148.557 9.043 148.118 9.482 148.558 9.042
4 191.700 185.645 6.055 184.976 6.724 185.646 6.054
5 225.800 222.469 3.331 221.580 4.220 222.470 3.330
6 260.000 258.991 1.009 257.929 2.071 258.992 1.008
7 294.000 295.230 —1.230 294.024 —0.024 295.231 —1.231
8 382.200 331.206 50.994 329.865 52.335 331.206 50.994
9 362.200 366.879 —4.679 365.451 —3.251 366.879 —4.679
10 396.400 402.270 —5.870 400.782 —4.382 402.270 —5.870
11 430.500 418.009 12.491 435.859 —-5.359 417.994 12.506
12 464.700 472.221 —7.521 470.682 —5.982 472.221 —7.521
13 498.800 506.763 —7.963 505.250 —6.450 506.762 —-7.962
14 532.900 541.021 —8.121 539.564 —6.664 541.021 —8.121
15 567.000 575.016 —-8.016 573.623 —6.623 575.016 —-8.016
16 601.000 608.709 —7.709 607.428 —6.428 608.709 —7.709
17 635.200 642.119 —-6.919 640.978 —5.778 642.119 —-6.919
18 669.400 675.265 —5.865 674.274 —4.874 675.265 —5.865
19 703.500 708.109 —4.609 707.315 —3.815 708.109 —4.609
20 737.600 740.670 —3.070 740.102 —2.502 740.671 —3.071
21 771.700 772.968 —1.268 772.635 —0.935 772.968 —1.268
22 805.800 804.963 0.837 804.913 0.887 804.964 0.836
23 839.900 836.675 3.225 836.936 2.964 836.676 3.224
24 874.000 868.124 5.876 868.705 5.295 868.125 5.875
25 908.200 899.271 8.929 900.220 7.980 899.272 8.928
Table 11. Cross-validation parameters for the proposed models
Model PRESS SSY PRESS/SSY R, SpRESS PSE
8 0.3536 1855.7711 0.0002 0.9998 0.1268 0.1189
9 0.0060 1852.1187 0.0000 0.9999 0.0003 0.00024
12 0.3536 1851.7711 0.0002 0.9998 0.1268 0.1189
22 6063.5411 1,542,767.4325 0.0393 0.9607 16.6017 15.5735
23 29327.3014 1,519,503.6717 0.0193 0.9807 16.5111 14.2493
26 6063.8995 1,542,767.0741 0.0039 0.9961 16.6022 15.5742
parameter than Sprgss in deciding the predictive poten- (1) Distance-based topological indices W, Sz, y, PI,
tial. The reason is that PSE is more directly related to and Sd can be successfully used for modelling
the uncertainty of prediction.?-?! The smaller the value lipophilicity (logP) and molecular volume (MV)
of PSE the better is the predictive ability. The PSE of polyacenes;
values recorded in Table 11 shows that for modelling (i) Correlation analysis indicated that the newly
lipophilicity (logP), the PSE value is smallest for the introduced Sd index is better than W, Sz and PI,
model (9). This model is a bi-parametric model con- but is worse than y;
taining Sd and PI indices as the correlating parameters. (i) In mono as well as bi-parametric correlations,
Similarly, for modelling MV, model (21) has the lowest the combination of Sd and PI indices is the most
value for PSE. This model again is a bi-parametric appropriate for the above purpose;
model containing the same (Sd and PI) topological (iv) The lipophilicity (logP) of polyacenes is highly
indices. These results, therefore, show that out of the influenced by size, shape, branching, steric effect,
pool of the topological indices used (W, Sz, PI, y, Sd) and polarizability. However, their influence is
only two indices, namely: Sd and PI are better indices similar;
for modelling lipophilicity (logP) as well as molecular (v) The results show that effect due to MV and « is
volume (MV). similar to that of Sd and PI indices. Also, that
PI, Sd, MV, and y parameters cannot be taken as
independent variable(s) for modelling lipophili-
Conclusi city (logP) and molar volume (MV);
onclustons (vi) The cross-validation technique establishes that

From the aforementioned results and discussion we
conclude that:

the bimolecular model containing Sd and PI
indices as correlating parameters has the highest
predictive potential.
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Experimental
Material and methods

All the logP values were calculated by the procedure
desirable in the literature.'?>*2> The methodology used
for the experimental determination of logP is the same
as described in the literature.?6-’

In the regression analysis, the molecular polarizability
(x) and molecular volume (MV) were used to char-
acterise the overall contribution due to bulk effect or
volume to the QSARs. Here, molecular volume is
determined from the experimental values of molecular
weight and density. The polyacenes used were of BDH
Analar or equivalent quality.

Topological indices. All the distance-based topological
indices, namely W, Sz, and, PI were calculated using the
procedure described in the literature.'!%-1° The soft-
ware provided by Lukovits was used to calculate W, Sz
and x. The newly introduced Sd index was calculated
using the procedure described below. No detailed infor-
mation is, therefore, needed to calculate W, Sz, y, PI
and Sd indices. However, as below, we give the respec-
tive expresions for the calculation of these indices.

Sadhna index (Sd). The development of Sadhna index
(Sd) through the eclementary cuts for calculating PI
index is described below.

Giving,

Sd =2a(5h+ 1)
=2 (number of cycle present in polyacene)

3505

®)

(total number of edges contained in the polyacene)

Therefore, Sd for 11 = 2(1) (6) =

Now, 5h + 1 = total number of edges =
Sd = 2hm

Also, Sd=2/5m—1)m

— 2/5(Vg + NVg) (Vg + NVg — 1)

)

(10)

where Vg is the sum of vertical edges and NVg is the
sum of non-vertical edges.

In A, (see the figure below); e; and e, are called the ver-
tical edges , while e3, e4, €5 and eg

€3 €6
€2

€5 €4

are the non-vertical edges.

Polyacene Elementary cut Sum of the edges Number of edges Total
on both sides of involved in edges
elementary cut elementary cut

Cq C, C 2+2=4 2 8
f /\A C, 2+2=4 2 8
h / g
: Sd=12 6 24=PI
C 2+7=9 2 18
/ G, 2+7=9 2 18
r c Cs 2+7=9 2 18
/ s C, 24+7=9 2 18
/ Cs 4+4=8 3 24
h
2 Sd=44 11 96
C, 2+12=14 2 28
G, 2+12=14 2 28
\«/r\ C, 2+ 12=14 2 28
A g Cy 2+12=14 2 28
/ Cs 6+6=12 4 48
Cs 7+7=14 2 28
C, 7+7=14 2 28
h
’ Sd=96 16 216
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Therefore, Sd =2/52+4)2+4-1)
=2/5(6)(5)
=12
Also, Sd=2/5m—1)m
=2/5(6—1)6
= 2/5(5)(6)
=12

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

W=WG)=1/2 ¥ > d(v, u|G)
v € V(G) ueV(G)
=1/22d(v|G)
v e V(G) (11)

where, d(v|G) is called the distance number of vertex v
and is defined'” as under

d(v|G) = Xd(v, u|G)
u e V(G) (12)

Szeged index (Sz).'®!” Let ¢ =uv € E(G). Then we
define two subsets of vertex set of G as follows:

Ni(e|G) = {x € V(G)|d(x, u|G) < d(x, v|G)}
Na(e]|G) = {x € V(G)|d(x, u|G) > d(x, v|G)} (13)

The number of elements of N;(e|G) and N,(e|G) are
denoted by n;(e|G) and ny(e|G), respectively. Thus,
ni(e|G) counts the vertices of G lying closer to the ver-
tex u than to vertex v. The meaning of n,(e|G) is ana-
logous. The vertices equidistant from both ends of the
edge uv belong neither to N, (e|G) nor to Ny(e|G).

Randic index (x).'° The connectivity index x = x(G) of
a graph G is defined by Randic!® as under

x = x(G) = Eldid]*? (14)

where d; is the valence of a vertex i, equal to the number
of bonds connected to the atom i, in G, representing the
graph of a compound. The meaning of d; is analogous.

PI Index.!>~!> Let e be an edge of G connecting the
vertices u and v, e=uve E(G).

We define for e=uv two quantities n, (¢|G) and ne,
(e|G). ney(e|G) is the number of edges lying closer to
the vertex u than the vertex v, and ng,(e|G) is the num-
ber of edges lying closer to the vertex v than the vertex
u. Edges equidistant from both ends of the edge uv are
not counted.

The PI index, PI=PI(G) of the graph G is defined!3~1>
as:

PI = PI(G) = Z[neu(e| G) + ney(e| G)]

e € E(G) (1)

The summation goes over all edges of G.
Regression analysis.”>-?! Simple as well as multiple
regression analysis were performed using a standard in-
house program (P.V.K.). In the regression equation 7 is
the number of compounds considered, R is the corre-
lation coefficient, SE is the standard error of estimation,
F is the Fischere’s ratio, Q is the quality factor, RZy is
the cross-validation correlation coefficient derived from
the respective residuals sum of squares PRESS, leave
one out method, Sprgss i the uncertainty of prediction,
PSE is the predictive squared error, SSY is the sum of
the squares of response values and regression coeffi-
cients are given with 95% confidence intervals.
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