Highiv Correlating Distance:Comnectivitv-Based Topological Indices

Bull. Korean Chem. Soc. 2004, Vol. 25, No. 2 253

Highly Correlating Distance/Connectivity-Based Topological Indices.
1: QSPR Studies of Alkanes

Mojtaba Shamsipur,” Bahram Hemmateenejad,” and Morteza Akhond?

Departinent of Chemistrv, Razi University, Kermanshah. Iran
" AMedicinal & Natural Products Chemistry Research Center, Shiraz University of Medical Science. Shivaz, Iran
YDeparmment of Chemistrv, Shiraz Universitv, Shiraz, Iran
Received Mav 20, 2003

Some new topological indices based on the distance matrix and Randic connectivity (as graph invariants) are
proposed. The calculation of these indices is simple and they have good discriminating ability toward alkanes.
Incorporating the number of carbon atoms to one of the calculated indices gives a highly correlating topological
index (Sh index) which found to correlate with selected physicochemical properties of wide range of alkanes.
specially. their boiling points. Most of the investigated properties are well modeled (with r* > 0.99) by the Sh
index. Meanwhile. the resulting regressions were compared with the results based on the well-established
Randic and newly reported Xu indices and. in most cases. better results were obtained by the Sh index.
Moreover. multiple linear regression analysis of the alkane properties via calculated indices gives highly

correlating models with low standard errors.
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Introduction

A fundamental concept of chemistry 1s that the structural
charactenistics of a molecule are responsible for its
properties.! Topological indices are a convenient means of
translating chemical constitution into numerical values
which can be used for correlation with physical properties in
quantitative structure-property/activity relationship (QSPR/
QSAR) studies.~* The use of graph invariant (topological
indices) in QSPR and QSAR studies has become of major
interest in recent vears.™*

The need to represent molecular structure by a single
number arises from the fact that most molecular properties
are recorded as a smngle number. Characterization of a
molecule by a single number represents a considerable loss
of information: A three-dimensional object (molecule) is
described by a one-dinensional object (topological idex).
However. what 1s surprising is how much of the relevant
structural information is still retained in a given topological
index. [deally, a good topological index should show low
degeneracy (isomer discrimination) and high correlation
ability. There are more than 120 topological indices
available in the literature® including the famous Randic
index (y).” Wiener number (W).* Hosova index (Z)” Balaban
index (J).'" Schultz index (MTI)."’ Harary index (H)'- and so
on. However. among these indices the most successful was
the Randic molecular connectivity y which is used in much
of QSAR/QSPR studies.”* Despite the large achievements
attained in this field. existing topological index approaches
to QSAR/QSPR need further improvement. Very recently
Xu and their coworkers'!"® proposed a new topological
index based on the combination of distance sum and vertex
degree of atoms. This index has been applied to QSPR study
of alkanes successfully.

In this study we proposed some new topological indices
based on the combination of connectivity and distance sum
using Randic’ and Balaban' approach. Correlation of
boiling point of alkanes with these indices was studied.
Introduction of number of carbon atoms in one of our
indices results in very highly correlating topological indices
for studving some alkane properties including normal
boiling point. heat capacity. critical temperature and pressure.
constants of van der Waals equation (a and b) and so on. The
results were compared with the other topological indices
such as Randic and Xu indices.

Theoretical Section

Let G = {V. E} be a hydrogen depleted graph of a
molecule with n atom. where V is the vertex set and E the
edge set. The distance matrix of a graph is D = {dj}na
whose entries d; are the distance between vertices. so that in
a constitutional graph all entries on the main diagonal are 0
and the other ones are non-zero integers. the shortest
distance between vertices ¢ and 7. The distance sum (s) for
each vertex results by adding entries in the row or column of
the distance matrix corresponding to that vertex. The
adjacency matrix is A = {a;}aw Whose entrigs are 1 for
adjacent vertices . j and zero otherwise. The topological
indices derived from only A or D result in a considerable
loss of structural information in a graph G and cannot be
used for heteroatom-containing molecule successfully.

The connectivity term § represented by Randic’ for each
vertex (atom) is calculated by the following equation:

§=N'-H (D

where N¥ is the number of valence electrons of considered
atom and H is the number of hydrogen atom adjacent to that
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atom. The Randic index caleulated based on the connectivity
term is the most successful index applied in most of the
QSAR/QSPR studies, specially for heteroatom-containing
molecules, ™+ 1017

The recently proposed Xu parameter® derived from a
combination of distance and adjacency matrices has a better
correlation ability in QSPR study of alkanes than those
indices derived from [, A or connectivity. [n this paper, we
were interested to define some new topological indices by
combination of connectivity and distance sum,

Thus, we defined different combinations of distance sum s
and connectivity d using Randic” and Balaban' approaches:

Sh, =log( 332 | @
> 5,8,
5,8,

Sh, — Iog(Z— ) (3)
8,58
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Sh; = (8,8, - log(s,s,)) (8)

In above equations. the sums were given over all edges
(bonds) and i and j represent the two adjacent atoms. Three
other proposed indices were calculated based on individual
methods: The distance sums were collected in a row vector
(8) and connectivities in another row vector (J). The
logarithm of the inner product of 8 and transpose of & (5")
gives the Shy index:

Shg = log(S8") (%)

The inner product of transpose of $(ST) and & gives a square
matrix (Sd). The sum over all entrics of 8d is Shy index:

Sd-S'8 (10)

Shy - log(z; Sd,;,) an

‘The Shyy index was calculated by the summation over eigen
values of Sd matrix. The eigen values of Sd are calculated
by singular-value decomposition (SVD).”* [n SVD an
individual matrix is decomposed to three matrices: {i.e., U, Z
and V).

sd=uzi’ (12

Z is a diagonal matrix whose elements are the eigen values
of 8d, U and V are row and column designate of Sd. In our
work, Sd has only one eigen value and other eigen values are
zero. We represented the eigen value of Sd by ES, so that
Shyo is defied as:
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Figure 1. Labcled hydrogen depleted graph of 2-methylpentane.

Shyo = log(T$) (13)

As an example, the labeled hydrogen depleted graph of 2-
methylpentane is shown in Figure 1. The corresponding Sh
indices of this molecule are then calculated as follows:

The distance matrix D and distance sum S vector are

012342
101231

p-|210122 s—‘m88|0m1ﬂ
321013
432104
212340

and the connectivity & vector is: 5—‘ 132211 ‘
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Shs=(12x8+1x2)"" = (8x8+3x2)
+(8x10+2x2y Y +(1ox14+2x 1)
L (8x1211x3)% —0.51
She=1log[(12x8+1x2) +(8x8+3x2)
1 (8% 10 12x2) 1 (10x14-2x1)
+ (8% 12+1x3)]=2.68
Shr—[log(12x 8) 1 1 x2 |1 |log(8x8) I 3x2 |
+log(8x 10) +2x 2]+ [log(10x 14) + 2 x 1 ]
+[log(8 % 12) + 1 x3]=40.61
Shy = log(S.8") = 1.99
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SS=SVDEd)=| 1193300000
S=11933
Shyg = log(119.33) = 2.08
Results and Discussion
Usually simplest QSPR studies start with studving the

alkane properties. Boiling point (BP) of organic compounds
15 predetermined by the intermolecular interactions n the
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liquud state and by the difference in the molecular internal
partition functions in the gas and liquid phases at boiling
temperature. Therefore, it should be directly related to the
chemical structure of the molecule and, thus. several
methods have indeed been developed for estimation the
normal BP of a compound from its structure.!”'** Other
physical properties such as critical temperature™' and flash
poim:: can be estimated from BP. Thus, we used normal BP
of alkanes as starting pomt m our QSPR models. The
calculated Sh indices of C2-Co alkanes and their normal BPs
are shown m Table 1.

In order to find the best Sh indices for modeling the alkane
properties, we constructed a QSPR model for each index
separately. Some indices show linear behavior and others
have second ordered cormrelation. The resulting regression
equations and the corresponding statistical parameters are
represented in Table 2. In this Table. a 1s the intercept of the
regression equation. b and ¢ are the coefficient of first and
second power of Sh indices. respectively. and r, s and f are
correlation coefficient, standard emor of regression and
Fischer criterion of regression respectively. As shown. all

Table 1. Normal beilmg pomts of C;-Ce alkanes, their caleulated Sh indices and boiling points predicted by Sh index (a) and MLR (b)

No.  Alkanes Shl1  Sh2 Sh3 Shd Sh3 Shé Sh7 Sh8 Sh® Shl10  Sh S0 ()
Exp. Pred®  Pred®
1 2 0 0 0 0 071 03 1 03 06 03 2 -88.63  -83.68 -89.70
2 3 078 <018 -024 034 071 12 738 1 131 106 435 207 4491 4033
3 4 145 038 -038 093 062 18 1713 145 208 131 689 03 -4.03 215
4 2M3 118 022 033 083 071 173 1712 138 203 153 635 -11.73 0 -1243 0 -12.34
3 30196 <061 <049 126 033 237 2797 178 2531 183 938 3607 3294 36710
6 2Md 177 <041 043 117 061 225 2877 172 246 1.82 895 2785 2677 2832
7 22MM3 145 024 042 102 071 211 2933 164 241 181 824 9.3 1639 1012
8 6 237 -081 -057 131 046 28 3908 204 285 209 1181 6874 6603 6963
9 2M3 222 <066 053 144 031 269 4061 199 281 208 1143 6027 6103 3801
10 23MM4 203 <047 <031 133 038 238 4227 193 276 205 1098 3799 3506 3332
11 33MME 2 041 <035 132 061 234 4272 191 275 206 1089 4974 3384 3213
12 3M5 221 <038 <032 143 034 266 4113 197 279 246 1142 6328 6092 6323
13 7 271 099 -064 172 04 315 3241 226 313 231 1418 9843 9546 987
14 M6 239 -087 062 166 044 307 333 222 31 229 1384 9003 9141 8934
13 M6 238 <079 -6 163 047 303 3363 22 308 228 1382 9185 9117 9024
16 24MM3 243 <075 060 139 048 298 3408 218 306 228 1344 803 86.37 7933
17 3B3 236 <071 <037 163 049 298 34 218 306 226 1376 9348 9045 9406
18 22MM3 241 <063 038 136 032 293 3333 2135 304 227 133 79.2 8371 7866
19 23MMS 243 <064 <0357 138 0351 293 3536 2103 304 226 1344 8978 8637 8749
20 MM 24 <053 -053 153 035 288 3638 213 302 226 1334 8606 8335 86.10
21 223MMME 223 <048 <033 149 057 282 3788 2.1 3 225 1289 8088  79.79 8030
22 8 301 -113 -07 19 036 346 6368 245 337 249 1631 12366 12165 12331
23 2M7 29 2106 <069 183 039 3390 6663 241 334 248 162 11763 11832 11541
24 M7 289 -098 -067 184 041 335 6694 239 333 246 1618 11893 11811 11912
23 aM7 288 096 -066 183 041 334 6669 239 332 246 1616 11771 117.89 11710
26 22MM6 275 087 <066 177 044 328 6873 236 3 246 1378 10684 11374 10724
27 23MM6 277 -097 067 18 041 332 6756 238 332 247 1384 1091 11440  108.14
28 3E6 286 <091 -064 182 043 33 6712 237 33 2441609 11833 11713 11827
29 24MM6 277 089 <063 178 044 327 6778 236 3 243 1383 10943 11429 11168
30 23MM6 277 -084 064 178 045 326 6849 235 320 244 1383 11561 11429 11329
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Table 1. Contmued
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No.  Alkanes Shl1  Sh2 Sh3 Shd Sh3 Shé Sh7 Sh8 Sh® Shl0  Sh S0 ()

Exp. Pred®  Pred®
31 MMM6 276 078 <062 177 046 323 6896 233 328 243 1581 11773 11407 11478
32 IBMMGE 273 <073 062 173 048 322 6963 233 327 244 1373 11197 11318 11213
33 2M3E3 275 <079 <062 177 046 322 6896 233 328 243 1377 11365 11363 11431
34 224MMMS35 26 <077 <063 171 048 0 319 6949 232 327 244 1534 9924 10884 98.933
33 23MMMS 263 072 <061 172 049 317 7019 231 326 242 1343 11347 10983 10773
36 3E3SM5 271 <066 -039 174 035 316 708 23 323 242 1566 116 11241 11798
37 223MMMS 26 <063 D6 169 051 314 TLAS 229 323 242 1535 10984 10895 10904
38 233MMMS 239 <062 <039 169 032 312 7226 228 324 242 1533 11476 10872 11317
39 2233MMMME 239 2051 <038 161 036 304 7306 223 321 241 1476 106 10223 10611
40 9 327 -13 076 206 032 373 7952 261 338 265 188 15077 14475 15124
4 4E7 312 -103 -068 198 039 356 8032 233 3351 26 1833 1412 14042 14118
42 3E7 313 -1.06 069 198 038 338 8072 234 332 26 184 143 140.90  141.37
43 aMB 315 -112 072 2 037 362 8046 2356 334 262 1846 1424 14149 14129
44 MR 317 -116 <072 201 036 364 8083 257 353 263 185 1433 14187 14440
43 MR 317 122 <074 202 034 367 805 238 336 264 1831 1428 141.97 14293
46 20MM7 306 -1.13 <073 197 036 361 8137 236 334 263 1819 1332 13885 13838
47 25MM7 306 -1.08 <071 196 038 357 8181 234 332 262 1818 136 13875 13325
48 IBMM7 305 -101 <069 195 04 3353 82 252 3351 26 1813 136 13846 136.10
49 JE2M6 303 -098 <068 194 041 3351 8139 231 35 239 1808 1338 13777 13332
30 24MM7 305 2104 207 193 039 336 8138 233 331 261 1815 13335 13846 13381
31 3EdM6 302 -089 -063 192 043 347 8271 248 348 237 1803 1404 13747 13884
32 MdMM7 304 096 -068 1.94 041 351 8234 2351 35 239 1813 401 13826 13921
33 SE2M6 302 -0.93 067 193 042 349 8214 249 349 238 18.05 138 13747 139.04
34 23MM7 306 -1.03 070 193 039 336 8236 233 333 261 1817 1405 138.66 13888
33 235MMMG 293 093 068 1.9 042 349 8322 249 349 239 178 1313 13499 13289
36 23dMMM6E 293 086 -0.66 189 044 344 8432 247 347 2357 1779 139 134.89 13635
37 SE3M6 299 -083 -063 19 045 345 8422 247 347 238 1797 1406 13668 13829
38 3BMM7 303 <093 <068 193 041 352 8333 231 33 26 1808 1373 13777 13873
39 22MM7 305 -106 <072 193 038 338 8277 234 332 263 1814 1327 13836 13337
60 225MMM6G 292 <099 07 1.9 041 351 8366 2351 35 261 1775 124 13448 129.08
61 24aMMM6E 292 087 <063 188 043 343 8313 247 347 239 1777 1263 13468 12910
62 224MM6 291 <092 068 188 043 346 8379 248 348 26 1774 1263 13438 12929
63 2244MMMMS3 275 -083 067 182 046 34 8362 2435 346 26 1724 1227 12930 11870
64 3E23MMS 288  -0.72 -0.62 185 048 337 8688 243 344 2356 1763 1416 13328 14123
63 233dMMMMS3 295 -0.7 06 187 049 336 8668 242 343 236 1785 1415 13549 14143
66 235MMMG 29 08 <063 187 046 342 8381 246 346 238 177 1377 13398 13567
67 3JB3aMMMG 29 <076 064 186 047 339 8636 243 343 257 1769 1405 13388 13853
68 SE22MMS 288  -0.78 -0.64 186 047 339 8338 243 343 2357 1765 1338 13348 13526
69 223MMM6G 291 <083 <066 188 044 344 8328 247 347 2359 1773 1317 13428 135373
70 2234MMMMS3 273 -0.73 -062 18 03 333 864 242 341 234 1719 133 12878 13112
71 2233MMMMS3 274 -064 -062 179 031 331 8992 241 342 236 1722 14027 12909 13797
72 3E24MMS 283 083 071 181 04 3353 7496 246 346 2356 1749 13673 13385 13710
73 dAMM7 302 092 068 192 042 35 8317 23 349 26 1803 13320 13748 13495

M: methyl, E: ethyl. Example: 3E22MM3 = 3-ethyl-2.2-dimethylpentane.

indices, except Sh-. Sh; and Shs. have 1- > 0.95. As the BP of
alkanes controlled by molecular weight other than the
topology of molecule, we mcorporated the number of carbon
atoms (n) i some of the Sh indices and found that the
following index 1s highly correlated with the BP of alkanes:

Sh=n+n""Sh, (14)
The relationship between the BP of C2-Cs alkanes (73

compounds) and proposed Sh index, along with several
selected topological indices including Wiener (W).* Hosoya
(Z).” Harary (H)."* Schultz (MT1)."! Balaban (I).!” Randic
()" and Xu'® indices are as follows:

BP =-125.8 + 130.6Log(W)
r’=09635  s=8896 f=1899 (15)
BP = -97.0 + 147.0Log(Z)
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Table 2. Regression results of alkanes boiling points using Sh
indices
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Table 3. Regression results of some sclected alkane properties

using Sh index

Sh index a b ¢ I~ se 3

Property 11 a b e r s N

Sh -103.28  79.76 - 0,966  8.717 1930.33

Cp Sh 1581 251 0013 09914 0.6491 8629 (8

Sha 157 =272 - 0.819 20.13  300.78 Xu 40.99 41.76 - 09926 7.18 2150 I8
Sh; -123.53 -373.46 - 0.889 (573 54545 Tc Sh -3.77 2465 -039 09914 6.093 9229 22
Sh, -114.67 129.27 . 0.970 821 21848 Xu 57.82 63352 - 09710 13.29 672 22
Shs 26.83 717.34 -1136.1 0.804 21.05 137.86 Pe Sh 3626 -337 009 0953 1.56 183.99 18
Shy, -139.533  78.02 . 0.966 866 1957.14 Xu 46.61 -6.36 - 09024 2.18 1652 18
Sh- -77.17 4.043 -018 0966 876 95658 an Sh 236 137 004 09980 0434 20273 (2
Shy -164.57 11890 - 0.960 95 1615.65 Xu 2038 928 - 09866 1.56 739 12
Shy -183.64  90.62 . 0.962 916 1741.51 bo Sh 0.041 0.01 7.0x 107°0.9983  0.0027 2116 12
Shu -169.85 116.35 . 0.950  10.61 1278.87 Xu 0054 0048 - 09934 0.0048 2138 12
1= 0.9658 s =8.605 f=2034 (16) values of BP and predicted values and coefficient of
BP =-133.3 + 245.71L.0g{H) variation (CV) are 4.35, 3.49 and 4.16%. respectively,
1 =0,9342 s=11.937 t=1022 (7 whereas other indices have ¥ < 0,99 and s > 4,5, Therefore,
BP =-207.4 + 134,0L.og(MTI) it is apparent that eq (22) {Sh index) represents a better
”=0.9613 §=9.163 =1786 (18) model than eqgs. (15-21) for modeling BP of alkanes, The
BP =-297.0 +215,1] — 26.965)° plot of BP of alkanes versus the index Sh for C3-Cq alkanes
1= 0.6372 §s=28.236 =62 (19) is shown in Figure 2.
BP=-1945+11951¢ - 9.51¢ In order to obtain extensive structure-property relation-
1= 0.9891 s =4.891 =3220 {20) ships, Sh index was further tested by modeling some other
BP =-80.79 + 56.6Xu properties of alkanes including heat capacity C, (J'mol™-K™)
1= 09857 s =5.791 f=2615 {21) of gases at 25 °C, critical temperature T, and pressure P, and
BP =-122.53 — 18.92Sh — 0,25Sh’ van der Waals constants, ay (L-atm-mol™) and b {I.-mol™).
1 =0.9913 s=4410 f=3872 {(22) The regression results are shown in Table 3, TFrom this table,

[n general. the quality of QSPR models can be conven-
iently measured by the correlation coefficient r and standard
error of regression s. For the proposed Sh index, % and s are
0.9913 and 4.41, respectively. The root mean square error
(RMS), absolute average error between the experimental

150

100

50

Bolling Polnt, °C

-100
0 4 8 12 16 20

Sh

Figure 2. Plot of boiling points o1 C>-Co alkanes versus Sh index.

it is seen that all properties are fairly comrelated with Sh
index with (2 > 0.99), except with P, that has a r* > 0,95,
Meanwhile Sh index produces better regression results
compared with the newly reported Xu index for all
properties listed in Table 3, except for Cp. Since alkanes are
nonpolar compounds, their physicochemical properties are
inherently determined by their structures (especially molecular
size), and other factors due to polarity, polarizability and
hydrogen bonding have no significant eftect on alkane
properties. The good correlation between Sh index and
alkane properties indicates that it is a suitable topological
index for QSPR studies of bond additive properties.

In order to do the modeling of BPs of alkanes more
accurately, we used all proposed Sh indices. Multiple linear
regression (MLR) was used for selecting the best equation of
fit. The result of MLR is shown in Table 4. Further improve-

Table 4. Result of MLR analysis of alkanes boiling points with Sh

indices

Variable  Coeflicient  Se of coeflicient T of 1l P
Constant ~ -133.95 15.60 -8.59 0.000
Shy 3116 10.02 3.11 0.003
Sha 75.28 13.44 3.60 0.000
Shs 175.44 26.79 0.55 0.000
She 298 0.32 930 0.000
Shg 422.09 620 .81 0.000
Shio -234.35 37.85 -6.19 0.000
n -45.27 5.97 -7.58 0.000
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Figure 3. Plot of predicted boiling point of alkancs C5-Cy {using
MI.R} versus experimenial boiling points.

ment of BP modeling of alkanes is obtained by using more
than one Sh index. The standard error of this model is 2,27
°C. Absolute average error, root mean square error and
relative standard deviation of prediction are 1,58, 2.16 and
2.05%, respectively. A plot of the predicted values of BP of
alkanes by MLR versus the experimental values is shown in
Figure 3. The high correlation coetticient of this plot (r =
0.999) confirm the excellent predictive ability of our
proposed model.

Modeling through isomer series {i.e. octane isomers) is
another approach to QSPR studies. Isomer discrimination is

Mojtaba Shamsipur et dl.

one of the fundamental properties that a topological index is
expected to have, Ren'" has done a study on selected proper-
ties of octane isomers by Randic (¥) and Xu indices. The
studied properties are entropy (S), quadratic mean radius
(R?), density (D), heat of vaporization (H,), heat of formation
(Hy). Pitzer eccentric factor (w) and octane numbers (MON).
He has considered a simple linear model between octane
properties and above mentioned indices, although, in some
cases the quadratic relationship was found to be a better
model. Thus, in this work, we repeated the modeling of
octane properties by Randic and Xu indices using both the
first and second ordered linear models. Moreover, the first
and second ordered relationships between octane properties
and Sh index were obtained. The results are shown in Table
S. From this Table it is obvious that, in some cases, the
relationship between octane properties and topological
indices (¥. Xu and Sh) is better modeled by a quadratic
fitting. Second order relationships are necessary for
modeling S, R%, D, @ V. and MON by Xu index and S, D
and H, by Randic index. Meanwhile, Sh index modeled all
considered octane properties by second order relationships
except for Hrand @ that show a first order relationship. Sh
index results in a better correlation for S (¥ =0.901), R? (i’ =
0.880) and D (r* = 0,750) than Xu index (with respective r’s
of 0.871, 0.853 and 0.558) and Randic index (with
respective 1”s 0f 0.825, 0.699 and 0.627). Also, Sh index has
a better correlation with H, (% = 0.779) and H; (¥ = 0.493)
than Xu index (7= 0.558 and 0.271, respectively), and with
@ (rr = 0.956), V. (r' = 0.380) and MON (r* = 0.940) than
Randic index (' = 0.819, 0,171 and 0.630, respectively). The
correlation coefficient of Sh index with S, R, @ and MON is
= 0.9, with D and H, is => 0.8 and there is an unsatistactory
regression between Sh and Hyand V.,

After a series of comprehensive studies on a numerous
properties of octane isomers by using ot one and/or two

Table 5. Iirst and second order correlation between octane properties and y. Xu and Sh indices

X Xu Sh
properly Order - - = - - -
I se t =~ se t I se f
S first 0.82 1.97 72,94 0.800 2.08 64.1 0.890 1.54 129.3
2nd 0.825 2.00 3541 0.871 1.72 0.5 0.901 1.51 08.3
R2 first 0.593 0.119 233 0.804 0.082 63.7 0.746 0.094 47.0
2nd 0.699 106 17.38 0.8353 074 43.4 0.880 0.067 332
D first 0.312 0.023 7.26 0.419 (1023 11.54 0.441 0.023 12.61
2nd 0.627 0.019 12.60 0.749 (Lo16 23 0.750 0.016 22,53
v first 0.876 0.733 113.3 0.557 1.39 20.1 0.745 1.0534 46.83
2nd 0.918 0.018 83.88 0.558 1.43 9.46 0.882 1.104 2640
1" first 0.723 0.679 41.8 0.270 1.10 39 0.489 0.922 1533
2nd 0.740 0.680 213 0.271 1.13 2,78 0.493 0.948 7.30
W first 0.818 0.016 7205 0.948 (LO0Y 290.1 0,935 0.008 3403
2nd 0.819 0.017 33.95 0.963 (L007 204.9 0.936 0.008 163.9
Ve fivst 0.113 0.015 2.04 0.472 (1012 14.3 0.261 0.014 5.67
2nd 0.171 0.015 1.54 0.346 (011 9.02 0.380 0.013 4.0l
MON first 0.604 16.14 21.34 0.925 7.01 173.2 0.863 9.42 89.0
2nd 0.630 16.19 11.07 0.940 6.52 101.7 0.940 6.07 8243




Highiv Correlating Distance:Comnectivitv-Based Topological Indices

Table 6. Result of MLR of octane properties and Sh mdices
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Property Predictor indices r S F
S Shy, Sh?, Shy?, Shy, Shs?, Shs, Sh- 0.973 (.98 30.04
R’ Shi?, Sha, Shy, Sha?, Shs?, She, She 0.982 0.036 52.62
D Shi, Sha, Sh?, Shs™, She, She, Shy?, Shig 0.963 0.0074 2951
Hv Shy, Shy?, Shs, She?, Shy, She, She, She” 0.994 0.236 105.5
Hf Shy, Shi%, She, Shy?, Sha’, Shy, Shs, She, She” 0.943 0.466 11.30
w Shy, Shy?, Shy?, Sha’, She’, She’, Shie 0.998 0.002 362.8
Ve Sha, Shs®, Shs”, She, Shs®, Shue 0.783 0.009 6.39
MON Shs, Sha?, Shs™, She, She, Shg 0.994 237 2723

2329

topological indices. Randic ef . suggested that there are
no simple and accurate QSPR models for the octane isomers
bv the use of their topological indices. Later on, Ren’”
proposed that the small difference between octane properties
15 responsible for the diminished regression of octane
properties with a single topological index. In order to obtain
more accurate regression. we used our proposed Sh indices
to modeling the octane properties by MLR (using more than
two dices). In our modeling. we consider all Sh indices
defined (7.¢. Sh1-Shl0) as well as their second power. The
most significant descriptors for each property were then
obtained bv MLR. The resulting regression models between
octane properties as dependent variable. and Sh indices, as
independent variable. are shown i Table 6. R, Hyv, @ and
MON are modeled with high correlation coefficients (r >
0.99). All other considered properties revealed correlation
coefficient greater than 0.9. except Ve, which has ar° value r
= 0.885. This might be due to the uncertainty in measuring
the cntical volume. The high correlation coefficient of
modeling of octane properties by Sh indices emphasizes that
a combination of these indices can extract high structural
imformation from a molecule. In the other words, since the
octane isomers have the same number of carbon atorus. their
properties is determined by compactness of molecules. This
means that the Sh indices are actually representative of the
molecular compactness other than the molecular size.

Conclusions

A combination of distance sum and connectivity has been
used to generate some new topological indices. The incorpo-
ration of number of carbon atoms in the proposed indices
generates a Sh index that has high correlation with some
physicochemical properties of alkanes. Meanwhile, these
properties can be better modeled using a combination of the
Sh indices. A multiple linear model was used for such
modeling. The Sh index has a better discriminatory power of
alkane i1somers than the Balaban's J mdex. Its calculation is
very sunple and its correlation with BP of alkanes 1s better
than other indices such as Randic and Xu indices. In addition.
The Sh mndex can be extended for heteroatom-contaiming
compounds and/or multiple bonds. The discriminating
ability of Sh index among heteroatom-contaiming molecules
(such as alcohol. anunes. ethers. thiols and so on) is much

better than the J index. Meanwhile, Sh index shows a good
correlation with properties of these compounds. Thus, we
proposed that it could be a useful parameter for QSAR/
QSPR studies. Investigations on the relationships between
the properties of molecules other than alkanes and the Sh
indices are continued in this group and we will report on this
topic in the later papers in detail.
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