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Abstract

In QSAR/QSPR study, topological indices are utilized to guess the bioactivity of chemical compounds. In this paper,
we study the QSPR analysis of selected distance and degree-distance based topological indices. Our study reveals some
important results which help us to characterize the useful topological indices based on their predicting power.
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1 Introduction

The molecular descriptor is the final result of logic and mathematical procedure which transform chemical
information encoded within a symbolic representation of a molecule into a useful member or the result of some
standardized experiments. Attention is paid to the term "useful”" with its double meanings. It means that the
number can give more insights into the interpretation of the molecular properties and / or is able to take part in
a model for the prediction of some interesting property of the molecules.

A fundamental concept of chemistry is that the structural characteristics 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 re-
lationship (QSPR/QSAR) studies. The use of graph invariant (topological indices) in QSPR and QSAR studies
has become of major interest in recent years. Topological indices have found application in various areas of
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chemistry, physics, mathematics, informatics, biology, etc [1,7,26], but their most important use to date is in
the non-empirical Quantitative Structure- Property Relationships (QSPR) and Quantitative Structure -Activity
Relationships (QSAR) [5, 14,19,21,23,24,27].

2 Survey of Selected Distance and Degree-Distance Based Topological Indices

1.

Wiener Index: The Wiener index is named after Harry Wiener, who introduced it in 1947; at the time,
Wiener called it the "path number"[24]. It is the oldest topological index related to molecular branching.
Based on its success, many other topological indices of chemical graphs [2,3, 13], based on information in
the distance matrix of the graph, have been developed subsequently to Wiener’s work. Which is defined
as:

let G be any connected graph of order n and size m. Then Wiener index of G is denoted by W(G) and is
defined as follows.

Terminal Wiener Index: The concept of terminal Wiener index was put forward by Petrovi¢ et el. [9]
some-what later but independently, Szekely et al. [25] arrived at the same idea. If G has k-pendent vertices
labeled by vy, v, - - - vy , then its terminal distance matrix is the square matrix of order k whose (i, j)-th entry
is d(v;,v;\ G). Terminal distance matrices were used for modeling amino acid sequences of proteins and
of the genetic code [12, 17, 18].

The terminal Wiener index TW (G) of a connected graph G is defined as the sum of the distances between
all pairs of its pendent vertices.

Thus if V7 = {vy,va,- -+, v} is the set of all pendent vertices of G, then
TW(G)= Y, duv\G)= Y duv\G)
{uyCVr(G)} 1<i<j<k

. Degree Distance Index: The degree distance was introduced by Dobrynin and Kochetova [5] as a

weighted version of the Wiener index. The degree distance of G, denoted by DD(G), is defined as follows

DD(G)= Y dg(u,v)[degc(u)+degc(v)].
{u,v}CV(G)

Gutman Index: The Gutman index was put forward in [10] as a multiplicative version of degree-distance
index which is defined as follows.

GI(G)= ) dg(u,v)[degc(u)degs(v)].
{uv}CV(G)

Ashwini Index: Motivated by the terminal Wiener index Hosamani [15] has introduced a novel topolog-
ical index viz, Ashwini index of a molecular graph G. Which is based on the terminal distance between
any pair of pendant vertices together with their neighborhood degrees.

%(T) = Z dT(vi’vj)[degT(N<ui))+degT(N<vj>)]'

1<i<j<n

Where N(v) ={u € V(G): uv € E(G)}.
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6. SM- Index: Motivated by the Gutman index and Ashwini index of a molecular graph G, we define here a
new topological invariant namely SM-index of a molecular graph G. Which is defined as follows:

SM(T) = Z d, (vi>vj)[degr (N(ul))degTN(V])]

1<i<j<n
Where N(v) ={u € V(G): uv € E(G)}.

7. Hyper Wiener Index: In 1993, Milan Randi¢ [20] introduced a distance based quantity, he named it as
hyper Wiener index and denoted by WW . His definition could be applied only to trees, and was in possible
to use for cycle-containing graphs.

WWG) =L Y |do(ur) +d3u)

{u,v}CV(G)

which could be applied to all connected graphs, since then the above formula is used the definition of the
hyper Wiener index.

3 The Use of Selected Distance and Degree-Distance Based Topological Indices in QSPR Studies

We have used three distance based topological indices and four degree-distance based topological indices
viz, Wiener Index (W (G)),Terminal Wiener Index (TW (G)),Hyper Wiener Index (WW (G)) [distance baesd TI’s]
and Degree-distance Index, Gutman Index (GI(G)),Ashwini Index (<7 (G)), SNM-Index [degree-distance based
TI’s] respectively for modeling eight representative physical properties [boiling points(BP), molar volumes (mv)
at 20°C, molar refractions (mr) at 20°C, heats of vaporization (hv) at 25°C, surface tensions (st) 20°C and
melting points (mp)] of the 70 alkanes from n-butanes to nonanes. Values for these property were taken from
Dejan Plavsic et. al [16]. The above said Distance and Degree-Distance topological indices and the experimental
values for the physical properties of 70 alkanes are listed in Table 1 and 2 respectively.
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4 Regression Models

We have tested the following linear regression model
P=A+B(TI) (D

where P = physical property, TI = topological index .

Using (3.1), we have obtained the following different linear models for each degree based topological index,
which are listed below.

1. Wiener index W(G):

bp = 20.8432 + [W(G)]1.2203 2)
mv = 113.868+ [W(G)]0.6412 3)
mr = 247432+ [W(G)]0.1944 (4)
hv = 23.710+ [W(G)]0.1998 (5)
ct = 179.262 + [W(G)]1.4606 (6)
cp = 34.1143 — [W(G)]0.1025 (7)
st = 16.126748 + [W(G)]0.0634 (8)
mp = —129.02+ [W(G)]0.2909 )
2. Terminal wiener index 7W(G):
bp = 68.2472+ [TW(G)]1.9072 (10)
my = 139.62 + [TW(G)]1.002 (11)
mr = 32.25+ [TW(G)]0.3178 (12)
hv = 37.616+ [TW(G)]0.055 (13)
ot = 230.099 + [TW(G)]2.5196 (14)
cp =29.5512 - |TW(G)|0.1327 (15)

[TW(G)]
st = 19.1536 + [TW(G)]0.088 (16)
mp = 579.080 — [TW(G)]32.24 (17)

3. Hyper wiener index HW (G):

bp = 69.8172 + [HW (G)]0.04586 (18)
my = 140.3322 + [HW (G)]0.02365 (19)
mr = 33.2598 -+ [HW (G)]0.00665 (20)
hv = 31.82212 4 [HW (G)]0.007513 Q1)
cf = 245.468 + [HW (G)]0.04589 (22)
cp = 30.4719 — [HW(G)]0.00433 (23)

st = 19.1519 + [HW (G)]0.001937 (24)
mp = —120.603 + [HW (G)]0.013596 (25)

4. Degree distance index DD(G):

bp = 32.2663 + [DD(G)]0.3432 (26)
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mv = 119.529+ [DD(G)]0.182
mr = 37.81+ [DD(G)]0.00714
hv = 37.144 4 [DD(G)]0.00732
¢t = 196.428 + [DD(G)]0.3932
cp = 33.418 — [DD(G)]0.0298
st = 17.121 4 [DD(G)]0.0162
mp = —122.787+ [DD(G)]0.0641

5. Gutman index GI(G):

bp = 38.62 + [GI(G)]0.3983

my = 201.965 — [GI(G)]0.20958

mr = 28.02+ [GI(G)]0.061

hv = 26.978 4 [GI(G)]0.0632
ot = 203.4429 + [GI(G)] 4577
cp = 20.218 — [GI(G)]0.034733
st = 17.37+[GI(G)]0.0190

mp = —119.40 + [GI(G)]0.0616

6. Ashwini index A(G):

bp = 135.6962 + [/(G)]0.1870
my = 148.45 + [« (G)]0.1095
mr = 35.573+ [/ (G)]0.034
hv = 39.95 + <7 (G)]0.00828
ot = 237.8298 + [/ (G)]0.3766
cp = 28.4180 — [« (G)]0.01427
st = 19.970 4 [<7(G)]0.0078
mp = —113.0059 + [/ (G)]0.03

7. SMindex SM(G):

bp = 97.968 + [SNM(G)]0.069

my = T4.45 + [SNM(G)]0.46

mr = 10.394 + [SNM(G)]0.152

hv = 37.749 4 [SNM(G)]0.00587

ct = 268.506 + [SNM(G)]0.0956
cp = 27.68 — [SNM(G)]0.00582

st = 20.486 + [SNM(G)]0.00266
mp = —109.163 — [SNM(G)]0.00016

Table 3. Statical parameters for the linear QSPR model for Wiener index.
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Physical Properties | N a b r S F
Boiling point 70 | 20.8432 1.2203 | 0.921 | 14.3278 | 388.436
Molar volume 67 | 113.868 0.6412 | 0.970 | 4.32084 | 1037.804
Molar refraction 67 | 247432 | 0.1944 | 0.962 | 1.45880 | 795.781
Heats of vaporization | 67 23.710 0.1998 | 0.964 | 1.45328 | 846.841
Critical temperature | 70 | 179.262 1.4606 | 0.899 | 19.8772 | 285.433
Critical Pressure 70 | 34.1143 | -0.1025 | 0.921 1.2167 380.698
Surface tension 66 | 16.126748 | 0.0634 | 0.815 | 1.14383 | 126.812
Melting point 52| -129.02 0.2909 | 0.317 | 25.87537 5.585
Table 4. Statical parameters for the linear QSPR model for terminal Wiener index.
Physical Properties | N a b r S F
Boiling point 70 | 68.2472 | 1.9072 | 0.574 | 30.3815 | 33.333
Molar volume 67 | 139.62 1.002 | 0.606 | 14.17194 | 37.698
Molar refraction 67 | 32.25 0.3178 | 0.644 | 4.06101 | 46.075
Heats of vaporization | 67 | 37.616 0.055 | 0.443 | 4.87876 | 15.910
Critical temperature | 70 | 230.099 | 2.5196 | 0.620 | 35.5665 | 42.39
Critical Pressure 70 | 29.5512 | -0.1327 | 0.475 | 2.7503 | 19.816
Surface tension 66 | 19.1536 | 0.088 | 0.481 | 1.73103 | 19.315
Melting point 52 | 579.080 | -32.214 | 0.096 | 27.1532 | 0.461
Table 5. Statical parameters for the linear QSPR model for hyper Wiener index.
Physical Properties | N a b r S F
Boiling point 70 | 69.8172 | 0.04586 | 0.722 | 25.6758 | 73.879
Molar volume 67 | 140.3322 | 0.02365 | 0.759 | 11.59154 | 88.511
Molar refraction 67 | 33.2598 | 0.001937 | 0.555 | 1.64346 | 28.430
Heats of vaporization | 67 | 31.82212 | 0.007513 | 0.789 | 3.34131 | 107.499
Critical temperature | 70 | 245.468 | 0.04589 | 0.809 | 1.1358 | 129.100
Critical Pressure 70 | 30.4719 | -0.00433 | 0.636 | 34.9872 6.078
Surface tension 66 | 19.1519 0.0019 | 0.555 | 1.64346 | 28.430
Melting point 52 | -120.603 | 0.013596 | 0.318 | 25.86514 | 5.629
Table 6. Statical parameters for the linear QSPR model for Degree distance index.
Physical Properties | N a b r S F
Boiling point 70 | 32.2663 | 0.3432 | 0.863 | 18.7367 | 198.428
Molar volume 67 | 119.529 | 0.182 | 0.919 | 7.03409 | 315.874
Molar refraction 67 37.81 0.00714 | 0.897 | 2.34677 | 267.614
Heats of vaporization | 67 | 37.144 | 0.00732 | 0.897 | 2.40325 | 268.443
Critical temperature | 70 | 196.428 | 0.3932 | 0.809 | 26.6334 | 128.863
Critical Pressure 70 | 33.418 | -0.0298 | 0.890 | 1.4243 | 259.425
Surface tension 66 | 17.121 0.0162 | 0.716 | 1.37956 | 67.174
Melting point 52 | -122.787 | 0.0641 | 0.232 | 26.53927 | 2.839
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Table 7. Statical parameters for the linear QSPR model for Gutman index.

Physical Properties | N a b r S F
Boiling point 70 38.62 0.3983 | 0.858 | 19.0533 | 189.648
Molar volume 67 | 201.965 | -0.20958 | 0.892 | 8.05741 | 252.709

Molar refraction 67 28.02 0.061 0.874 | 2.58307 | 209.543

Heats of vaporization | 67 | 26.978 0.0632 0.882 | 2.56979 | 226.624

Critical temperature | 70 | 203.4429 | 0.4577 | 0.807 | 26.7911 | 126.553

Critical Pressure 70 | 20.218 | -0.034733 | 0.889 | 1.4332 | 255.359
Surface tension 66 17.37 0.0190 | 0.711 | 1.38853 | 65.486
Melting point 52 | -119.40 0.0616 | 0.187 | 26.80008 | 1.815
Table 8. Statical parameters for the linear QSPR model for Ashwini index.

Physical Properties | N a b r S F
Boiling point 70 | 135.6962 | -0.1870 | 0.420 | 33.644 | 14.578
Molar volume 67 148.45 0.1095 | 0.492 | 15.51334 | 20.706

Molar refraction 67 35.573 0.034 0.519 | 4.53808 | 23.949

Heats of vaporization | 67 39.95 -0.00823 | 0.288 | 5.21235 | 5.885

Critical temperature | 70 | 237.8298 | 0.3766 | 0.459 | 40.2596 | 18.155

Critical Pressure 70 | 23.4180 | -0.01427 | 0.381 | 2.8901 11.523
Surface tension 66 19.970 0.0078 | 0.320 | 1.87121 | 7.299
Melting point 52 | -113.0059 0.03 0.561 | 4.90731 | 22913

Table 9. Statical parameters for the linear QSPR model for SM index.

Physical Properties | N a b r s F
Boiling point 70 | 97.968 0.069 | 0.292 | 354737 | 6.3828
Molar volume 67 | 7447 0.46 0.378 | 16.4949 | 10.809

Molar refraction 67 | 10.394 0.152 | 0.400 | 4.8866 | 12.352

Heats of vaporization | 67 | 37.749 | 0.00587 | 0.158 | 5.37507 | 1.658

Critical temperature | 70 | 268.506 | 0.0956 | 0.326 | 42.8387 | 8.093

Critical Pressure 70 | 27.68 -0.00582 | 0.288 | 2.9931 | 6.145
Surface tension 66 | 20.486 | 0.00266 | 0.198 | 1.93590 | 2.6614
Melting point 52 | -109.163 | -0.00016 | 0.339 | 5.1208 | 8.7442
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5 Discussion and Concluding Remarks

By inspection of the data given in tables 3 to 9, It is possible to draw numbers of conclusion for the given
distance and degree-distance based TIs.

First, the famous and much studied distance based Topological index viz, Wiener index found to be more
suitable tool to predict the physical properties of alkanes.The Wiener Index shows good correlation with almost
all physical properties of alkanes which are listed in table 3 except molar volume and surface tension of alka-
nes.The correlation coefficient value lies between 0.815 to 0.970. The QSPR study reveals that Wiener Index is
more suitable to predict heats of vapourization and molar volumes of alkanes with correlation coefficient value
r=0.964, and r = 0.0.970 respectively.

In addition the result for Terminal Wiener index revealed that the recent advocated idea of using Terminal
Wiener index did not pass the test. This important details seems to have ignored in recent paper [9], on Terminal
Wiener index.

§ sciendo


https://www.sciendo.com

384 Shailaja Shirakol et al. Applied Mathematics and Nonlinear Sciences 4(2019) 371-386

Recently introduced distance based topological invariant viz, Hyper Wiener index found to be adequate for
any structure-property correlation, except for critical temperatures of alkanes with correlation coefficient value
r=0.809.

The QSPR study of degree-distance index in tables 6 reveals that the degree-distance index is an useful
topological invariant. It shows good correlation with almost all physical properties which are listed in Table 6,
except surface tension and melting points of alkanes. The correlation coefficient values lies between 0. 809 to
0.919. The degree-distance index is more suitable to predict the molar volume and heats of vaporization with
r=10.919 and r = 0.897 respectively.

The multiplicative version of degree-distance index is known as Gutman Index.By observing the results in
table 7,0ne can say that the Gutman index has less predictive ability compared to degree-distance index. Further
the correlation of Gutman index with physical properties of alkanes is very less and correlation coefficient value
lies between 0.187 to 0.892.

The another degree-distance based topological index viz, Ashwini index. The predicting power of Ashwini
index with physical properties of alkanes is too less. The correlation coefficient value of Ashwini index lies
between 0.288 to 0.519.

Motivated by Gutman index and Ashwini index, Here we introduce a new degree-distance based topological
invariant viz, SM Index. The QSPR study of SNM Index in table-9 shows good predicting power for alkanes.

From practical point of view, topological indices for which the absolute value of the correlation coefficient
is less than 0.8 can be characterized useless. Thus the QSPR study of these distance and degree-distance based
topological indices with physical properties of alkanes helps us to characterize useful topological indices indices
with absolute values of correlation coefficients lies between 0.8 to 0.970.
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