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Abstract— Blood-brain barrier activity in terms of lgBB has 

been modeled using topological descriptors. Discussed the 

methodology used in the modeling of BB-transport. For this 

purpose the topological indices were chosen and the 

subjected to regression analysis. QSAR methodology has also 

been discussed including Hansch approach and some extra-

thermodynamic approached. 
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I. INTRODUCTION 

When a chemist contemplates the properties/activities of a 

molecule, the usual beginning point is the structure of the 

molecule. The magnitude of the property/activity and its 

dependence on changes in the molecular structure depends on 

the chemists ability to develop relations between structure 

and property. Most of the time, the relationship is the 

qualitative and referred to as SAR (a structure-activity 

relationships). In many physical, organic, biochemical and 

biological areas, however, it is increasingly necessary to 

translate those qualitative ideas into quantitative relations 

expressed in algebraic equation known as, QSAR/QSPR viz. 

quantitative structure-activity-property relationships. For 

QSAR/QSPR studies, the molecular structure must be 

expressed in numerical form suitable for manipulation in 

algebraic equations and thus to obtain 1:1 correlation between 

property with structure. The insights into SPR and QSAR/ 

QSPR may come in most basic form from quantum chemical 

principles for many practical problems in the design of new 

molecule, however it is necessary to develop such form-

function of relationships in a different manner. 

Chemical graph theory has been the basis for new 

applications in   structure-property-activity (QSAR/QSPR) 

methods during recent years1-9, with an emphasis on the 

molecular skeleton numerical indices have been developed to 

represent structural features of the molecule. These indices 

are numerical values with parallel variation in molecular 

structure and also parallel variation in properties /activities. 

Thus, numerical indices are developed to represent and 

characterize structure. The indices are suitable for use in 

structure-property-activity relationships that may be 

developed by standard regression methods, producing 

equations for estimation of property/activity values. The 

indices are also used as the basis for pattern recognition and 

discriminate analysis10-14. 

The term 'molecular structure' is used in many ways. 

It sometimes appears interchangeable with other terms such 

as molecular geometry or architecture even though these 

terms are not synonymous. The term structure refers to 

constituent atoms and their relationship. Whereas the term 

geometry refers to specific three dimensional arrangements. 

For a definition of molecular structure, we have adopted the 

statement given by Eliel15 as follows: 

"The structure of a molecule completely defined by the 

number and kinds of atoms and the linkages between them." 

- Eliel 

The term molecular 'topography' is applied to three 

dimensional structure, whereas molecular 'topology', the set 

of atoms and connections, refers to the molecular structure as 

defined by Eliel.15 Whatever the consequences of each of 

these molecular aspects, the three dimensional structure 

follows from the molecular topology. In our discussions on 

chemical graph theory the focus of attention is on ways of 

characterizing the topology of molecules using numerical 

indices and applying these indices to investigation in QSAR. 

Because of the importance of structure-property-

activity (QSPR/QSAR) models, it has become increasingly 

important that broadly based methods be developed for the 

establishment and investigation of such relations. It is both 

timely and natural that the methods of graph theory be applied 

to structure-property/activity modeling. The chemical graph 

is a versatile vehicle for the rich expression of chemical 

structure information. The developments of the past decade 

are a clear indication of the fertility of this area of 

investigation. 

II. GRAPH THEORETICAL ANALYSIS OF MOLECULAR 

STRUCTURE 

The beginning in graph theoretical analysis of molecular 

structure is the adoption of an appropriate structure 

representation. Starting with the definition of molecular 

structure, attention is centered on the molecular skeleton 

which consists of the network of chemical bonds including 

the set of atoms and connections between atoms. Such an 

entity may be described by the molecular graph, which 

consists of vertexes, representing skeletal atoms and edges 

representing skeletal bonds16-20. The term bond is not 

necessarily a covalent bond between an adjacent pair of atoms 

because the vertex can be single atoms or an atom with its 

bonded hydrogen atoms, a skeletal hydride group such as - 

CH2 - or - NH2 - or - OH. The 'connection' may be a given 

covalent bond or it could be another set of interactions. 

The approach used in chemical graph theory is to 

select the molecular structure of those elements that lead to 

structural variables in the form of numerical index. The set of 

atoms and connections is viewed as structure informatics but 

in a form not amenable directly to QSAR/QSPR analysis. The 

first step is to adopt a form for the molecular skeleton as the 

basis for extraction of structure information. So represent the 

molecular skeleton, the hydrogen suppressed graph is most 

commonly used16-20, hydrogen atoms are not explicitly 

considered, sometimes carbon-hydrogen suppressed graphs 

are also considered. Hydrogen atoms are incorporated in 

skeletal groups which are the graph vertexes. Generally all 

carbon-hydrogen bonds are suppressed in obtaining 

molecular graph. 

The above cited example shows the relation between 

the usual form of molecular structure formula and the 

hydrogen suppressed graph. Carbon atom symbols are 

usually omitted from the graph and hetero-atoms are usually 

written explicitly. It may be necessary to include hydrogen 

atoms that are part of functional groups to distinguish among 
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different fragments. These hydrogen atoms, however, serve 

only to distinguish, they are not part of the set of vertexes and 

edges. In performing calculations it is assumed that any 

vertex may also contain sufficient hydrogen atoms to satisfy 

the carbon valences. 

III. BASIS FOR TOPOLOGICAL INDICES 

Topological indices should be based on the most significant 

features of molecular structure, which includes atom identity, 

bonding environment of each atom, and the existence of 

hydrogen atoms bonded to the skeletal atom. Each of these 

aspects is distinctly electronic in nature. 

The significant characteristics of atom include 

atomic number and number of electrons portioned between 

valence electrons and core electrons. The immediate bonding 

environment of atoms in the molecular skeleton depends on 

the number and arrangement of the valence electrons and the 

number and type of bonds. In most graph theoretical methods, 

a hydrogen suppressed skeleton is used to facilitate the 

counting and enumeration of skeletal features. 

It clearly appears that the electronic structure of the 

bonded atoms must be encoded in the topological indices if 

they are to parallel variation in molecular properties. 

Otherwise, the resulting numerical quantities represent only 

the mathematical properties of graphs, rather than molecules, 

which are the chemical entities of interest. 

Apart from the consideration of important atomic 

information to be encoded, we must examine the nature of the 

properties of interest and their dependence on structure. There 

is rich information in the various relations between the 

structure of molecules and their properties. Properties depend 

on molecular structure in many ways. Thus, topological 

indices must be developed to deal with all the different cases. 

Properties and activities relate to measures of 

molecular size in various way. Some properties depend 

heavily on atom count. Generally properties/activities require 

additional information about the immediate bonding 

environment of atoms for useful estimation models. 

Molecular fragment larger than individual atoms are required 

to estimate most property values. This additive constitutive 

nature of the properties/activities has been amply 

demonstrated by many additive property schemes.16-20 

For particular classes of molecules and properties, 

additivity schemes work well. However, these methods are 

not structure based in the sense used here. Naming a fragment 

and assigning a property value does not represent the 

structure of the molecule. The need for structure based 

approaches becomes especially evident, when one wishes to 

invert the usual structure-property relation to predict a 

structure for a molecule that possesses a predetermined 

property value. 

Some properties / activities do depend heavily on 

atom count but others depend not so much on the structure of 

the overall molecules as on the specific bonding in a local 

skeletal area or even on a single atom. Ionization potential 

and Wood Ward rule, are the examples of such properties. 

In biological properties / activities, the structure 

dependence is much less on atom count than on larger 

structure fragments. The nature of a pharmacophore indicates 

that a specific arrangement of certain atoms is required for 

activity, whereas, variation of another molecular region may 

account for variation in activity. Further, the structural 

relationship between atoms that are not directly bonded is 

often important in the variation of biological activity. 

 Some important properties such as overall molecular 

shape or compactness may depend on the entire topological 

framework or skeleton. The symmetry or topological 

equivalence properties of atoms in molecules also depend on 

whole molecular structure. 

A general examination of structure property/ 

activity-relationship (QSAR/QSPR) clearly indicates that 

there is much information required to describe the structure 

of a molecule, particularly when structure-property-relations 

are to be developed. Some of the pieces of information, which 

may be developed from characterization of molecular 

structure, may be interrelated while others may be 

independent. To put it another way, the various structure 

features of molecules are not usually unrelated (orthogonal in 

mathematical terms). If the orthogonality is important in a 

given investigation, then that orthogonality must be 

introduced. 

When a wide range of structure-property/activity-

relations are examined, it is clear that many topological 

indices are required to express the wide range of structure 

characteristics of covalent molecules. Although, it is useful 

and interesting to develop a unique and highly discriminating 

index, such a single index is insufficient in itself for the broad 

range of QSAR / QSPR studies. 

A final consideration in QSAR/QSPR relates to the 

nature in which information is expressed. It might be said that 

there are two aspects of the information, the structure 

information itself and the structure complexity or diversity.20 

although, certain properties may in some way depend on a 

measure of amount of information, most properties certainly 

depend on the information itself. Most structure relationships 

are in the skeleton than on the amount of information 

represented for structure. Certain properties such as those 

related to structures, complexity or entropy, are lightly 

dependent on the amounts of structure information. Measures 

of the amount of information are, therefore, necessary but 

incomplete in the application of graph theory to structure–

property/activity-relationships (QSAR/ QSPR). 

With these considerations as a general background, 

we now discuss the various topological indices used in the 

present investigation. 

IV. WIENER INDEX (W) OR WIENER NUMBER 

Wiener21 in his studies on physical parameters of acyclic 

hydrocarbons, introduced a path number W which he called 

as Wiener number. The number W is defined as the number 

of bonds between all parts of atoms in an acyclic molecule in 

view of the pioneering contribution of Wiener in recognizing 

the significance of the numbers of paths in a molecular 

skeleton it seems appropriate to continue to call the number 

of distances in all (acyclic and cyclic) structure, the Wiener 

number W(G). However, one should be aware that one-to-one 

correspondence between the pairs of neighbours certain 

number of bonds away and the number of paths of the same 

length holds only for acyclic systems. Hence, in polycyclic 

structures, Wiener number (W) is associated with distance 
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only and not with the number of paths, but in acyclic 

structures the two are the same. 

Wiener number21 (W) is defined as follows: 

Let the vertices of the molecular graph G be labeled 

by 1.2, ---n. Let u and v be the two vertices of graph G and 

let d(u,v) be the distance between them. Then the Wiener 

number is equal to the sum of the distances between all pairs 

of the respective graph, i.e. 

W(G) = W = ∑ d(u, v)                         (2.1)

u<𝑣

 

The definition of W was extended for molecules 

containing heteroatoms22. W could be decomposed into 

atomic contributions. For a series of molecules with a 

common parent structure W was decomposed into three 

portions related to the parent structure, the substituents and 

the interactions, respectively. According to Lukovits23 W can 

be decomposed into contributions attributed to single bonds 

(WS), double bonds (Wd), triple bonds (Wt) and aromatic 

bonds (Wa) of the molecule. 

 W(G) = W = Ws +Wd + Wt + Wa             (2.2) 

In addition to the Wiener index (W), three types of 

Wiener indices are also known so viz. mean Wiener (W), 

mean square Wiener (Wms) and root mean square Wiener 

(Wrms) indices are also reported in the literature. 
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A. Balaban Index (J) 

Balaban24-30proposed a topological index, numbered the 

Balaban index which represents the extended connectivity. 

This index, denoted by J (G) = J, is defined as under: 

J(G) = J =
M

μ + 1
 ∑ (didj)

−0.5
               (2.6)

edge

 

Where M is the number of edges in a molecular 

graph G, and di (i=1,2,…,N; N is the number of vertices in G) 

is the distance sum. The distance sum for a vertex represented 

the sum of all entries in the corresponding row (or column) of 

the distance matrix-D:  

di = ∑(D)ij                                           (2.7)

N

i=1

 

The cyclometric number  of a polycyclic graph to 

is equal to the minimum number of edges necessary to be 

erased from G in order to transform it to the related acyclic 

graph: 

 = M – N + 1               (2.8) 

1) The Diagonal Elements 

(D)ij  =  1 – (Zc/Zi)   (2.9) 

Where Zc = 6 and Zj is the atomic number of the 

given elements. 

2) The Off-Diagonal Elements 

(D)ij = ∑ Kr                                              (2.10)

r

 

Where the summation is over all bonds. 

The bond parameter kr is given by the following expression: 

 kr = (1/br) (Zc
2 / Zi.Zj)              (2.11) 

Where, br is the bond weight values and is 1 for 

single bond, 2 for double bond, 3 for triple bond and 1.5 for 

aromatic bond. The values of (D)ij for various heteroatoms 

and kr for various types of heterobond are available in the 

literature. 

B. Szeged Index (SZ) 

 The Szeged index Sz(G) = Sz is recently introduced 

topological index and very little is known on its use in QSPR 

as well as QSAR study. This index is a modification of the 

Wiener index for cyclic compound and is introduced by 

Gutman and coworkers.31-34 The Szeged index Sz(G) = Sz of 

a molecular graph G is defined as under: 

𝑆𝑧(𝐺) = 𝑆𝑧 = ∑
𝑛𝑢.𝑛𝑣                                   

                                     (2.12)
𝑒𝑑𝑔𝑒𝑠

 

Where nu is the number of edges lying closer to 

vertex u than v. The meaning of nv is analogous. The number 

of edges lying equidistant from u and v are not counted for 

the calculation of Sz. 

V. RELATION BETWEEN CONNECTIVITY INDEX AND THE 

ADJACENCY MATRIX 

The relation between the connectivity index and the 

adjacency matrix is rather simple. Since in the adjacency 

matrix A (G), A has only entries 1 and 0, it expresses both the 

edge count and the edge location. Thus, R

L
 (G) can be 

expressed in terms of the elements Aij: 
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This Is Illustrated By the Following Example 
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VI. INDICATOR PARAMETERS 35 

Indicator variables (parameters), sometimes called dummy 

variables35or de novo constants, are used in multiple linear 

regression analysis to account for certain features which 

cannot be described by continuous variables. Indicator 

variables (parameters), sometimes called dummy variables35 

or de novo constants, are used in multiple linear regression 

analysis to account for certain features which cannot be 
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described by continuous variables. In QSAR equations they 

normally describe a certain structural element, be it a 

substituent or another molecular fragment. Thus, Free Wilson 

analysis may be interpreted as a regression analysis approach 

using only indicator variables. 

The molecular descriptors (variables) take on only 

two values, zero and one. The two values signify that the 

observation belongs to that particular class of compounds. 

The numerical values of the molecular descriptors are not 

intended to reflect a quantitative ordering of categories, but 

only serve to identify category or class membership. 

Therefore, they show the significance of a particular class 

(category) of compounds in a given series of drug. They 

account for the abrupt increase or decrease of a given 

pharmacological activity at any specific site in the drug 

molecule. If the coefficient of molecular descriptors carry a 

negative sign in the regression expression, this makes it very 

clear that the compounds belonging to this category have 

considerable lower potency. 

VII. MOLECULAR NEGENTROPY (N) 

 The method of calculation of molecular negentropy 

is the same as described by Kier35. First the negentropy per 

atom i, is computed for the drug molecule using Shannon's 

formula: 

 i = −K ∑ Pj log Pj                                              (2.16)j  

Where K is constant depending on the logarithmic 

base, j is the set and Pj is the complete array of probabilities. 

 Multiplying i with the total number of vertices 

(atoms), n, gives the molecular negentropy (N). 

 N = i . n             (2.17) 

A. Molecular Redundancy Index (MRI) 

MRI is derived from information theory and molecular graph 

theory37 and is defined as: 

MRI =
∑ ni log ni

N log N
                                  (2.18) 

Where, ni is the number of atoms of the same kind 

in the ith atom set, i is the number of different atoms in the 

molecule. 

The eq. (2.18) shows that calculation of MRI leads 

to quantification of the information content. It encodes the 

salient steric properties of the molecules in cases where 

biological activity is nonspecific. It ranks them correctly 

according to nonspecific biological potency and thus, 

provides mechanistic interpretation of drugs at molecular 

level based on probability consideration. 

B. Van der Waals Volume (VW) 38-39 

The van der Waals Volume (VW) has been found to be one of 

the most fundamental characteristics of the drug structure, 

controlling the biological activity. This determines the 

molecular size and shape of compounds, which are very 

important aspect of drug receptor interactions. Not only this, 

the hydrophobic behaviour of drug molecules has been shown 

to be significantly correlated with VW. Consequently the VW 

has found to be related with various biological activities of 

drugs. 

 To find the van der Waals Volume (VW) of 

molecules, spherical shapes were assumed for all atoms 

according to the Bondi36, because of the absence of generally 

accepted pear shapes. The values of Van der Waals radii and 

calculated volume of atoms are listed in Tables 2.1 and 2.2. 

 Since Van der Waals radii are greater than covalent 

radii, a correction for sphere overlapping due to covalent 

bonding between atoms was needed for the calculation of VW 

for polyatomic molecules. 

The covalent bond lengths and correction values are 

listed in Table 2.2. 

Atom 
Radius 

(Å) 

Sphere volume 

(102 Å 3) 

C 1.7 0.206 

H 1.1 0.056 

N 1.5 0.141 

O 1.4 0.115 

S 1.8 0.244 

F 1.4 0.115 

C1 Aliphatic 1.7 0.206 

Aromatic 1.8 0.244 

Br Aliphatic 1.8 0.244 

Aromatic 1.9 0.287 

I Aliphatic 2.0 0.335 

Aromatic 2.1 0.388 

B 2.1 0.388 

He 1.2 0.072 

Ne 1.6 0.171 

Ar 1.9 0.287 

Kr 2.0 0.335 

Xe 2.2 0.446 

P 1.9 0.287 

Table 2.1: Van Der Waals Radius & Volume of Atoms 

BOND 

Bond 

Length 

(Å) 

CORRECTION 

VALUES (102 Å3) 

C-C 1.5  0.078 

C-H 1.1  0.043 

C-N 1.4  0.065 

C-O 1.5  0.056 

C-S 1.8  0.066 

C-F 1.4  0.056 

C-C1 Aliphatic 1.8  0.058 

C-C1 Aromatic 1.8  0.066 

C-Br Aliphatic 1.9  0.068 

C-Br Aromatic 1.9  0.065 

C-I Aromatic 2.1  0.063 

C-I Aliphatic 2.1  0.072 

CB 1.6  0.113 

H-H 0.7  0.030 

N-H 1.0  0.038 

N-N 1.4  0.050 

N-O 1.4  0.052 

N-S 1.6  0.061 

O-H 1.0  0.034 

O-B 1.5  0.079 

S-H 1.3  0.040 

S-S 2.0  0.062 

S-F 1.6  0.052 
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C=C 1.3  0.094 

C=N 1.3  0.072 

C=O 1.2  0.068 

C=S 1.6  0.081 

N=N 1.2  0.061 

N=O 1.2  0.053 

S=O 1.5  0.057 

CC 1.2  0.101 

CN 1.2  0.079 

C=C 

 Aroma

tic 

1.4  0.086 

Branch for 

saturated bond 

excepted 

bonding with H. 

  0.050 

SO 1.4 -0.042 

Table 2.2: Correction Values of Van Der Waals Volume for 

Sphere Overlapping & For Bond Length 

VIII. EQUALIZED ELECTRONEGATIVITY (EQ) 

Electronegativity was first of all defined by Pau1ing38 as the 

power of an atom in molecule to attract electrons to it. He also 

found an empirical relation between the energy of a bound 

and the electronegativity’s of the bonded atoms. From this 

relation, he estimated the electronegativity’s of several 

elements. 

Gordi39, defined electronegativity for a neutral atom 

in a stable molecule as the potential at a distance ‘r’ (covalent 

radius) from its nucleus, which is caused by the nuclear 

charge effective at that distance. 

Sanderson has provided a significant development 

in the electronegativity concept, which states that when two 

or more elements initially different in electronegativity 

combine chemically, they become adjusted to the some 

intermediate electronegativity within the compound. 

This principle which has gained wide acceptance in 

recent years, abandons the idea of fixed electronegativity and 

redefines the values in electronegativity tables. 

The physical and chemical properties of substances 

are largely determined by partial charge on the constituent 

atoms, the evaluation of these partial charges is an important 

electronegativity application. In the framework of 

Sanderson’s principle, it is generally believed that the partial 

charge acquired by an atom through chemical combination is 

proportional to the difference between the final equalized 

electronegativity and the initial pre-bonded electronegativity. 

In order to calculate the partial charge, therefore one 

must know the equalized electronegativity value and the 

proportionality factor. Hence charge conservation equation 

leads to a general expression for equalized electronegativity: 

 
Where, N = v = total no of atoms in the species. 

v = no. of atoms of a particular element in the species. 

And,  x = electronegativity of that particular element. 

Whereas, group electronegativity is defined as: 

 

Where NG = no. of atoms in the group formula. 

Groups are fundamentally different from atoms in 

their ability to donate or withdraw charge. An important 

difference between the atoms and groups in that group has the 

ability to dissipate charge over several atoms, increasingly 

with increasing NG. Polyatomic groups may be viewed as 

reservoir of enhanced charge capacity, potentially able to 

donate or withdraw considerable amounts of charge with only 

small variations in electronegativity. Therefore a group 

cannot really be treated as “pseudo atom” in electronegativity 

discussions 

A. P2, P3, logRB & Hyper W indices 

 P2, P3 and logRB are the path indices introduced by Randic41. 

Here, P2 and P3 are estimated directly from the distance 

matrix of the corresponding molecular gap. All the entries for 

the path length of two and three are summed up and half the 

sum is called P2 and P3 indices. Log RB is the sum of such 

branching indices. Based on their value, Randic41 further 

introdues atomic and molecular ID number in that all types of 

path length are added together. Similarly, Hyper W index is 

calculated as described by Gutman40, using Laplacian 

polynomials. 

B. Mean Wiener index (Wm) 

The mean value of topological distances is defined42 as  

 Wm = Wm(G) = {1/N(N − 1)} ∑ dij      (2.21)ij  

Where, n is the number of vertices (atoms). The 

summation is taken over all the elements of distance matrix, 

D. 

The total number of elements in a triangular off-

diagonal sub-matrix is equal to 1/2({N(N-1)}. Therefore the 

mean Wiener index (mean value of the Wiener number) is 

given by the following expression: 

Wm (G) = 2W/ N(N-1)                   (2.22) 

C. Mean Square Wiener Index (Wms) 

The mean square value of the Wiener number is defined43as 

the mean of the square of the elements of the off-diagonal 

submatrix.  

Wms = Wms(G) = {1/N(N − 1)} ∑ dij
2      (2.23)

ij

 

D. Root Mean Square Wiener Index (Wrms) 

The root mean square value of Wiener number43is defined as 

the square root of the mean of the square of the elements of 

the off-diagonal submatrix: 

 

IX. AIM OF THE PRESENT INVESTIGATION: TOPOLOGICAL 

INDICES (MOLECULAR STRUCTURE) AND DRUG TRANSPORT 

Of ate it is known that the study of drug action that transport 

plays an important role in controlling biological response. 

Overton44 in earlier study and Agrawal and coworkers45 in the 

recent study established that correlation between tadpole 

nanosis and the partition coefficient is basically due to the 

ability of compounds to penetrate the lipoidue membranes of 

the tadpole. Drug transport by itself is a difficult process and 

is closely related to the molecular structure. Many of the 

structural parameters and / or physiochemical properties are 
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used to mimic structure of the drugs. The chief among them 

is the partition coefficient. The partition coefficient has dual 

characteristics. Firstly it is considered as physiochemical 

property and secondly it is considered to mimic biological 

activity. Many of the drug actions are presented in term of 

bezarim of this parameter i.e. by log P.  

Precisely drug movement through an organism can 

be represented by a series of partitioning steps through 

alternately aqueous and lipid compartments. This aspect of 

drug transport is discussed in details in chapter IV of the 

present thesis. Here, it is enough to mention that models used 

to explain observed QSAR (Quantitative Structure-Activity 

Relationship) can be explained by considering drug 

transmission through the compartments mentioned earlier. 

With the introduction of topology and graph theory 

in chemistry, it was realized that graph theoretical descriptors 

can be used to represent the structure of the organic 

compounds acting as drugs. One such graph theoretical 

descriptor is the topological index46 in that a number is 

obtained by imposing certain conditions to atoms (vertices), 

bods (edges) or both. This number is then considered as the 

numerical representative of molecular structure. Such 

topological indices are usually obtained from the molecular 

graph of the organic molecule acting as drug. Such a 

molecular graph is obtained by supressing al the carbon 

hydrogen and heteroatom-hydrogen bonds in the molecule. In 

the present study we have used the ng 14 topological indices 

for modeling logBB of the drugs used. All these topological 

indices are generally called as distance-based topological 

indices. They are as below: 

1) Wiener index (W) 

2) Balaban index (J) 

3) Szeed  index  (SZ) 

4) Adjacency matrix(ΣV) 

5) Negentropy (N) 

6) Molecular redundancy index (MRI) 

7) Van der Waal volume (Vw) 

8) Equalized electronegativity (eq)  

9) Path length of order two (P2) 

10) Path length of order three (P3) 

11) Difference between P2 and P3 (P2 - P3) and  RB 

12) Mean Wiener index ( W ) 

13) Mean-square Wiener index (Wms) 

14) Root-mean -square Wiener index (Wrms) 

The details of the calculation of the above topological 

indices, their correlations with the transport properties, and 

the results and discussion are discussed in the subsequent 

chapters III to IV of the present thesis. 
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