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Abstract

PI indices for linear Phenylene are obtained by a significant method by considering its edges in various directions
and their corresponding number of parallel edges in their molecular graph. In this paper, we obtained the PI index for linear
Phenylene for various cases and different structures. The corresponding indices are derived as formulas and also the
inferences are tabulated and the values are compared with its structures.
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Introduction

Chemical Graph Theory is an interdisciplinary
science that applies Graph  Theory to the study of molecular
structures. The molecules or chemical compounds are
modeled by an undirected graph. Chemistry produces the
objects of its own study and chemical composition is a
unifying concept for all the experimental sciences. “There
are no restrictions on the design of structural invariants; the
limiting factor is one’s own imagination.”1. Molecular
structure is one of the most fruitful scientific concepts of
this century. In the molecular graph the vertices represent
atoms or group of atoms and edges represent chemical bonds
between atoms or group of atoms.2  The molecular descriptor
is the final result of a logic and mathematical procedure
which transforms chemical information encoded within a
symbolic representation of a molecule into a useful number
or the result of some standardized experiment3-5. The basic
assumptions are that different molecular structures have

different chemical properties and similar molecular
structures have similar molecular properties. Each molecular
representation represents a different way to look at the
molecular structure and its chemical meaning is strongly
immersed in the framework of the chemical theories6. A
topological index is a numerical parameter mathematically
derived from the graph structure. It is a graph invariant thus
it does not depend on the labeling or pictorial representation
of the graph. The topological indices of molecular graphs
are widely used for establishing correlations between the
structure of a molecular compound and its physico-chemical
properties or biological activity (e.g., pharmacology)7-9.
several applications of the PI index are reported in the
literature10-13. Many methods for the calculation of PI
indices of some systems are reported in14-20. In this paper,
we calculated the PI index of linear Phenylene using a
significant and easier method compared to the previous
methods in the literature.
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1. Linear Phenylene :
Linear phenylene contains ‘an’  number of

hexagons, ‘a(n-1)’ number of squares, ‘a’ represent the
number of squares in each segment, k  represents the number

of squares in each segment, n represents the number of
segments in the structure of phenylene. Therefore, the linear
phenylene can be denoted as G (a,k,n) and its graphical
structure is explained below.

Definition of PI  Index:  The PI index of a graph G

is defined as,   )]()([)( 21 enenGPI  where for edge
e = xy, n1(e) is the number of edges of G lying closer to x
than y, n2(e) is the number of edges of G lying closer to y
than x and summation goes over all edges of G. The edges
equidistant from x and y are not considered for the
calculation of PI index.

Linear Phenylene for a=1 :
Here, we considered the case that a = k = 1 and

also we observed that ‘a’ and ‘k’ are equal for 2n  in the
structure of phenylene but if n = 1 then a = 1 and k = 0. We
can say that the number of edges for linear phenylene is
e =  8n-2 for all n.

Figure: 1Graph of G(1,0,1)

Table 1. Calculation for the PI index for n=1

Direction No. of Set of

of parallel parallel edges S * Np PI Index

edges edges (Np)  (S)

Vertical 2 1 2 2(e-2)

Horizontal 0 0 0 0

Slanting 2 2 4 4(e-2)

PI index 6(e-2)

Figure: 2 Graph ofG(1,1,2)

Table 2. Calculation for the PI index for n=2
Direction No. of Set of

of parallel parallel edges S * Np PI Index

edges edges (Np)  (S)

Vertical 4 1 4 4(e-4)

Horizontal 2 1 2 2(e-2)

Slanting 2 4 8 8(e-2)

                PI index              10(e-2)+

4(e-4)

Figure: 3 Graph of G(1,1,3)

Table 3. Calculation for the PI index for n=3
Direction No. of Set of

of parallel parallel edges S * Np PI Index

edges edges (Np)  (S)

Vertical 6 1 6 4(e-4)

Horizontal 2 2 4 4(e-2)

Slanting 2 6 12 12(e-2)

PI index 16(e-2)+

4(e-4)

Figure: 4 Graph of G(1,1,4)
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Table 4. Calculation for the PI index for n=4
Direction No. of Set of

of parallel parallel edges S * Np PI Index

edges edges (Np)  (S)

Vertical 8 1 8 8(e-8)

Horizontal 2 3 6 6(e-2)

Slanting 2 8 16 16(e-2)

PI index 22(e-2)+

8(e-8)

In Vertical Direction, for  n = 1,2,3,4… , product is 2,4,6,8
… respectively. Then the general Term is given by 2n.
Therefore, the PI Index can becalculated as 2n(e-2n). In
Horizontal Direction, for  n = 1,2,3,4…,  Product is  0,2,4,6
… respectively. Then the general Term is given by 2n-2 .
Therefore, the PI Index can be calculated as (2n-2)(e-2). In
Slanting Direction, for  n = 1,2,3,4…,Product is 4,8,12,16
…   respectively.  Then the general Term is 4n. Therefore
the PI Index is 4n(e-2). For n=1,2,3,4… and a=1.

The PI Index  of G(a,k,n) = 2n(e-2n)+(2n-2)(e-2)+4n(e-2),
               = 2ne-4n2 +2ne – 2e - 4n +4 +4ne – 8n

                = 8ne – 12n – 4n2 + 4 – 2e
= 8n(8n-2) – 12n – 4n2 + 4 – 2(8n - 2)
= 64n2 – 16n – 12n – 4n2 + 4–16n + 4
= 60n2–44n + 8 for a=1 and for all ‘n’.

Linear Phenylene for a=2 :
Here, we consider the case that a = 2 and also we

observed that ‘a’ and ‘k’ are equal for n 2 in the structure
of phenylene but if n=1 then a=2 and k=0. We can say that
the number of edges for linear phenylene is e = 16n-5 for all
n.

Figure: 5 Graph of G(2,0,1)

Table 5. Calculation for the PI index for a=2,n=1
Direction No. of Set of
of parallel parallel edges S * Np PI Index
edges edges (Np)  (S)
Vertical 3 1 3 3(e-3)
Horizontal 0 0 0 0
Slanting 2 4 8 8(e-2)

PI index 8(e-2)+
3(e-3)

Figure: 6 Graph of G(2,2,2)

Table 6. Calculation for the PI index for a=2,n=2
Direction No. of Set of

of parallel parallel edges S * Np PI Index

edges edges (Np)  (S)

Vertical 7 1 7 7(e-7)

Horizontal 2 2 4 4(e-2)

Slanting 2 8 16 16(e-2)

PI index 20(e-2)+

7(e-7)

Figure: 7 Graph of G(2,2,3)

Table 7 Calculation for the PI index for a=2,n=3
Direction No. of Set of
of parallel parallel edges S * Np PI Index
edges edges (Np)  (S)
Vertical 11 1 11 11(e-11)
Horizontal 2 4 8 8(e-2)
Slanting 2 12 24 24(e-2)

PI index 32(e-2)+
11(e-11)

In Vertical Direction, for  n = 1,2,3… , product is
3,7,11 … respectively. Then the general Term is given by
4n-1.   Therefore, the PI Index can be calculated as (4n-1)
(e-4n+1). In Horizontal Direction, for  n = 1,2,3…,  Product
is  0,4,8 … respectively. Then the general Term is given by
4n-4 . Therefore, the PI Index can be calculated as (4n-4)
(e-2). In Slanting Direction, for  n = 1,2,3,4…,Product is
8,16,24…   respectively. Then the general Term is 4n.
Therefore the PI Index is 8n(e-2). For n=1,2,3… and a=2.

The PI Index
of G(a,k,n) =(4n-1)(e-4n+1)+(4n-4)(e-2)+8n (e-2)

=(4n-1)(16n-5-4n+1)+(4n-4)(16n-5-2)+8n
   (16n-5-2)
= (4n-1)(12n-4)+(4n-4)(16n-7)+8n(16n-7)
=48n2 – 28n+4 +64n2-92n-28 +128n2 – 56n
= 240n2 - 176n – 32 for a=2 and for all ‘n’.



Linear Phenylene for a=3 :
Linear phenylene contains n number of hexagons

and n-1 squares. So we can say that the number of edges for
linear phenylene is e = 24n-8. Phenylene can be denoted as
G(a,k,n) where a represents the number of squares in each
segment, k represents the number of  squares in each segment,
n represents the number of segments in the structure of
phenylene. Therefore, the linear phenylene can be denoted
as G(3,k,n).

Figure 8 Graph of G(3,0,1)

Table 8. Calculation for the PI index for a=3,n=1
Direction No. of Set of
of parallel parallel edges S * Np PI Index
edges edges (Np)  (S)
Vertical 4 1 4 4(e-4)

Horizontal 0 0 0 0

Slanting 2 6 12 12(e-2)

PI index 12(e-2)+

4(e-4)

Figure: 9 Graph of G(3,3,2)

Table 9. Calculation for the PI index for a=3,n=2
Direction No. of Set of

of parallel parallel edges S * Np PI Index

edges edges (Np)  (S)

Vertical 10 1 10 10(e-10)

Horizontal 2 3 6 6(e-2)

Slanting 2 12 24 24(e-2)

PI index 30(e-2)+

10(e-10)

Figure: 10 Graph of G(3,3,3)

Table 10. Calculation for the PI index for a=3,n=3
Direction No. of Set of
of parallel parallel edges S * Np PI Index
edges edges (Np)  (S)
Vertical 16 1 16 16(e-16)

Horizontal 2 6 12 12(e-2)

Slanting 2 18 36 36(e-2)

PI index 48(e-2)+
16(e-16)

In Vertical Direction, for  n = 1,2,3,4… , product
is 4,10,16 … respectively. Then the general Term is given
by 6n-2.  Therefore, the PI Index can be calculated as (6n-2)
(e-(6n-2)). In Horizontal Direction, for  n = 1,2,3,4…,
Product is  0,6,12 … respectively. Then the general Term is
given by 6n-6 . Therefore, the PI Index can be calculated as
(6n-6)(e-2). In Slanting Direction, for  n = 1,2,3,4…,Product
is 12,24,36 …   respectively. Then the general Term is 12n.
Therefore the PI Index is 12n(e-2). For n=1,2,3,4… and
a=1.
The PI Index
of G(3,k,n)   = (6n-2)(e-(6n-2))+(6n-6)(e-2)+12n (e-2)

= (6n-2)(24n-8-6n+2)+(6n-6)(e-2)12n(24n-8-2)
= (6n-2)(18n-6)+(6n-6)(e-2)+12n(24n-10)
= 108n2 –72n12+(6n-6)(24n-8-2)+12n(24n-10)
= 108n2–72n+12+144n2-204n+60+288n2-120n
= 540n2 – 396n +72for a=3 and for all ‘n’.

PI index for Linear Phenylene for any values of ‘a’ and ‘n’:
In Vertical Direction, for a= 1,2,3… , Product is

2n, 4n-1, 6n-2 … respectively. Then the general Term is
given by a(2n-1) + 1. Therefore, the PI Index can be
calculated as [a(2n-1)+1] (e –(a(2n-1)+1)). In Horizontal
Direction, for a= 1,2,3… Product is  2n-2,4n-4, 6n-6 …
respectively. Then the general Term is given by 4na(e - 2).
Therefore, the PI Index can be calculated as (6n-6)(e-2). In
Slanting  Direction, for a= 1,2,3…, Product is 4n, 8n, 12n
…   respectively. Then the general Term is 4na. Therefore
the PI Index  is 2a(n-1)(e - 2). For  a= 1,2,3…,the number of
edges ‘e’ is given by 8n-2,16n-5,24n-8….Hence, the general
term for the number  of edges ‘e’ for any ‘a’ is given by (8n-
3)a+1.
PI index for G(a,k,n)
= [a(2n-1)+1] (e–(a(2n-1)+1))+[4na] (e-2)+[2a(n-1)](e - 2)
= [a(2n-1)+1] [(8n – 3)a+1 – (a(2n-1)+1))+[4na]((8n – 3)a+1
    – 2)+[2a(n-1)] (8n – 3)a+1 – 2)
= {(2na – a + 1)(8na – 3a +1) – (2na – a + 1)}+{(2na – 2a)
    (8na -3a -1)}+{(4na)(8na – 3a -1)}
={(2na – a +1)(8na – 3a +1–2na +a –1)}+{(2na – 2a)(8na -
   3a -1)}+{32n2a2 –  12na2 – 4na}
= 60n2a2 – 44na2 +8a2for all values of  a and n.
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Inferences :
For a = 1,2,3 PI indices are calculated as

polynomials as 60n2 – 44n +8, 240n2 – 176n +32, 540n2 –
396n+72 respectively where ‘a’ represents the number of

squares in each segment, n represents the number of segments
in the structure of phenylene. PI indices can be obtained
easily from the polynomial 60n2a2 – 44na2 +8a2 for any
values of ‘a’ and ‘n’.

Table 11. PI indices for G(a,k,n)
a k N PI[G(a,k,n)] a k n PI[G(a,k,n)] a k n PI[G(a,k,n)]
1 0 1 24 2 0 1 32 3 0 1 216
1 1 2 160 2 2 2 576 3 2 2 1440
1 1 3 416 2 2 3 1600 3 2 3 3744
1 1 4 792 2 2 4 3104 3 2 4 7128
1 1 5 1288 2 2 5 5088 3 2 5 11592

Conclusion and Future Study

Several scientists are involved in searching for
new molecular descriptors able to catch new aspects of the
molecular structure. This kind of research involves creativity
and imagination together with solid theoretical basis allowing
obtaining numbers with some structural chemical meaning.
These results can be programmable by any language in
computer science and numerically determinable by software.
Thus, Mathematical chemistry will pave a way to structural
analysis of chemicals.

References

1. M. Randic,   ‘Molecular  bonding  profiles’, J. Math.
Chem., vol. 19, pp. 375-392 (1996).

2. R. Todeschini, V. Consonni, R. Mannhold, H. Kubinyi,
and H. Timmerman, ‘Handbook of Molecular
Descriptors’,  Methods and  Principles in Medicinal
Chemistry, Wiley–VCH (2008).

3. I. Gutman, ‘Some properties of the Wiener polynomials’,
Graph Theory Notes New York, vol 25, pp 13–18
(1993).

4. F. Buckley, F. Harary, Distance in Graphs, Addison-
Wesley, Redwood California (1990).

5. R. Todeschini, V. Consonni, Handbook of Molecular
Descriptors, Wiley VCH, Weinheim (2000).

6. Huiqing Liu, Mei Lu, Feng Tian, ‘On the Randic index’,
Journal of Mathematical Chemistry, vol 38 (3), pp.
345-354 (2005).

7. Kinkar Ch. Das, ‘On Geometric-Arithmetic Index of
Graphs’, MATCH Commun. Math. Comput. Chem.,
vol. 64, pp. 619-630 (2010).

8. Bo Zhoua, Nenad Trinajstic, ‘Relations Between the
Product and Sum-connectivity Indices’, Croatica
ChemicaActa, vol. 85 ,no.3,pp. 363–365 (2012).

9. L. Zhong, ’The  harmonic index on graphs’, Applied
Mathematical Letters, vol 25, pp.561-566 (2012).

10. P.V. Khadikar, S. Karmarkar, V.K. Agrawal, ‘A novel
PI index and its applications to QSRP/QSAR studies’,
J. Chem. Inf. Comput. Sci. vol. 4, no.4,pp 934–949
(2001).

11. P.V. Khadikar, P.P. Kale, N.V. Deshpande, S. Karmarkar,
V.K. Agrawal,’ Novel PI indices  of hexagonal chains’,
J. Math. Chem. Vol. 29, pp 143–150 (2001).

12. P.V.  Khadikar,  A. Phadnis,  A.  Shrivastava, ’QSAR
study on toxicity to aqueous organism using PI index’,
Bioorg. Med. Chem. Vol. 10, pp.1181–1188 (2002).

13. H. Deng, ‘Extremalcatacondensed hexagonal systems
with respect to the PI index’, MATCH Commun.
Math. Comput. Chem.vol. 55, no.2,pp. 453–460
(2006).

14. H. Deng, S. Chen, ’The PI index of pericondensed
benzenoid graphs’, J. Math. Chem., doi:10.1007/
s10910-006-9175-9 (2006).

15. H. Deng, ’The PI index of TUVC6[2p,q]’,MATCH
Commun. Math. Comput. Chem. Vol. 55, no.22, pp.
461–476 (2006).

16. H. Deng, S. Chen, J . Zhang, ‘The PI index of
Phenylenes’, J. Math. Chem. Vol. 41 no.1, pp. 63–69
(2007).

17. I. Gutman, K. C. Das, ‘The first Zagreb index 30
years after’, MATCH Commun. Math. Comput.
Chem., vol. 50, pp.83–92 (2004).

18. B.  Zhou, ‘Remarks on Zagreb indices’, MATCH
Commun. Math. Comput. Chem. Vol.57, pp 591-596
(2007).

19. A. Ili, D. Stevanovi, ‘On comparing Zagreb indices’,
MATCH  Commun.  Math.  Comput. Chem.vol. 62,
pp. 681–687 (2009).

20. Simon  Mukwembi, ‘On  diameter and inverse degree
of a graph’, vol. 310 no. 4, pp. 940-946 (2010).

64 JUC Vol. 13(3), (2017).


