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Topological index is a type of molecular descriptor calculated
based on the molecular graph of a chemical compound.
Topological indices are used for developing the quantitative
structure activity relationships (QSARs) in which the biological
activity or other properties of the molecules are correlated with
their chemical structure. Eccentric connectivity indices are the
well-known topological indices in this regards. In this research
study, we computed some eccentric connectivity indices of the V-
Phenylenic nanotube VPHX[p;q], these are our results.
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Introduction

Let G=(V;E) be a molecular graph, where V(G)
is a non-empty set of vertices and E(G) is a set
of edges. Cardinality of the vertex set is said to
be order of graph G, denoted by |V(G)| and the
cardinality of edge set is the size of graph,
denoted by |E(G)|. Number of edges incident
with vertex v is called the degree of vertex. The
distance from u to v, where wv V(G), is
defined as the length of the shortest path from
u to v, denoted by d(u;v). The eccentricity of a
vertex v V(G), denoted by e€(v), is the
maximum distance between the v vertex to all
other vertices i.e.
guy=maxdquy "ulv g

The topological index which is also referred
to molecular descriptor is a real number which
describes the properties of a certain chemical
compounds. The study of topological indices
on different chemical structures has been an
attractive area of research for all graph
theorist. Actually, it is a bridge between
mathematics and chemistry. Simplest
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topological indices of a graph G are the order,
size, degree of vertices v and distance between
vertices. Among the molecular descriptors,
topological connectivity indices are very
important and many of them have found
applications as means to model chemical,
pharmaceutical and other properties of the
1975, oldest
connectivity index of a connected graph G
introduced by M. Randi¢, who showed this
index to reflect the molecular branching [1-3].
Now, we call it Randi¢ connectivity index R(G)

. . 1
is equal to R(G) = - -
? (9 U\A'aE.(G)‘\/d(U)d(\b
(v) denotes the degree of vertex v of G.

The eccentric connectivity index of a graph
G was proposed by Sharma, Goswami and
Madan in [4], asz°(G)= § d(V) &)The

Vi V(G)

molecules. In topological

where d

eccentric connectivity index was successfully
used for mathematical models of biological
activities of diverse nature [45, 46,47, 48]. The

prediction of  the physico-chemical,
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pharmacological and toxicological properties
of compounds directly from their molecular
structure has become an important tool in
pharmaceutical drug design. The parameters
derived from a graph theoretic model of a
chemical structure are being used not only in
QSAR studies, but also in the environmental
hazard assessment of chemicals. Eccentric
connectivity index revealed a high degree of
predictability of pharmaceutical properties,
providing leads for developing safe and potent
anti-HIV compounds [40-44, 49, 50]. Eccentric
connectivity index is also proposed as a
measure of branching in alkanes [51].
Gupta et al. [5] introduced the connective
eccentric index for a graph
c©@= 4
(e €V)
Recently, S. Ediz et al. defined Ediz eccentric
connectivity index of G, denoted by cz9(G)
and is defined as
“2°G)= 4 —-
vvic) &V)
where S, is the sum of degrees of all vertices
adjacent to vertex v [6, 7]. A generalization of
eccentric connectivity index, known as
augmented eccentric connectivity index of a
graph G was proposed by Dureja and Madan in

[8l: “z°(G)= &§ M, where M, is the
viv(g E\V,

product of degrees of all vertices adjacent to

vertex v. For further details about these new

connectivity indices see [9-29].

In this work, we extended the results of
[30] and determined the exact formulas for
Ediz and Augmented eccentric connectivity
indices.

Result and discussion

In this study, we deal with the molecular graph
of V-Phenylenic nanotube VPHX][p;q], where p
denotes the number of hexagons in a column
and q denotes the number of hexagons in a
row of the V-Phenylenic nanotube.

In this section, we computed the Ediz
eccentric

connectivity and augmented

Z. Ahmad et al.

eccentric connectivity indices of V-Phenylenic
nanotube VPHX][p;q]. For further details and
more study about the V-Phenylenic nanotube
VPHX[p;q] see [31-39]. Rao and Lakshmi
calculated some eccentric connectivity index
of V-Phenylenic nanotube [52]. In this
research study we extend the results found in
[52] and calculated above mention eccentric
connectivity indices.

Figure 1 demonstrates the representation
of V-Phenylenic nanotube VPHX[p;q]. As seen
in Figure 1, the number of vertices and edges
in G=VPHX[p;q] are equal to 6pq and 9pq-q,
respectively. It is clear that there are 2p
vertices of degree 2, 6pq-2p vertices of degree
3, We denote the set of vertices of degree two
and degree three by V. and V3, respectively.
The graph of V-Phenylenic nanotube has 4p
rows and q columns.

To compute the Ediz eccentric index and
Augmented eccentric connectivity index of the

V-Phenylenic nanotube VPHX[p;q], we need
vertex partition of the V-Phenylenic nanotube
VPHX][p;q] based on degree sum and degree
neighbors

multiplication of vertices,

respectively.

... rowdp-1
... rowdp
Xap1  Xap2 Xapq

FIGURE 1 The molecular graph of V-
Phelylenic nanotube [30]
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TABLE 1 Vertex partition based on degree
sum of neighbor vertices

Sywherev VPHX Number of
[p.ql Vertices

8 2p

9 4p

10 2pq

12 2p

13 2pq-2p
14 2p

15 2pg-2p

TABLE 2 Vertex partition based on product of
degree of neighbor vertices

Mywhere v Number of
(VPHX [p,q]) Vertices
16 2p
20 24p
24 2p
72 2p
25 2pq
108 2pg-2p
100 2p
125 2pg-2p

To compute the sum of degrees of all
neighbors of vertices in the V-Phenylenic
nanotube VPHX[p;q], we presented the vertex
partitions based on degree sum with their
cardinalities in Table 1.

To compute the multiplication of degrees of
all neighboring vertices in the V-Phenylenic
nanotube VPHX[p;q], we presented the vertex
partitions based on product of degrees, with
their cardinalities in Table 2.

Theorem 1. Let VPHX[p;q] be the graph of
V-Phenylenic nanotubes, then:

€100 ;when p=landg=1
Z°(VPHX[ p q) =i66 G #44q ; whenp £ andgisev
t660° + 220 ;when p =Land gisod
€198 ;when p=landq=1
Az°(VPHX[ p 4) =1135(i 4909 ; whenp % andgisev
11359% + 451 ;when p =1and gisod
Proof. In this case the graph has only 4 rows.
The sum of degrees of neighboring vertices in
1st and 4th rows is 6, whereas the sum of
degrees of neighboring vertices in 2nd and 3rd
rows is 8. The product of degrees of
neighboring vertices in 1st and 4t rows is 9,
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whereas the product of degrees of neighboring
vertices in 2n and 3rd rows is 18.
Case 1. When p=1 and q=1:

“2G)= & % 2[6(3) 2(8)(2)] 180

v V(G)
Az°G)= A M\;) 2[9(3) 2(18)(2)] 198
Vi V(G)

Case 2. When p=1 and q is even:
In this case the eccentricity of every vertex in

a3g+2 ¢

every row is &, <
¢

S

Z%(G) =
Z(@)= w?fe)e(v)

2[6(o|)(3q2 %) +8af( L2 67 449

1 M opg(g)(32)

vIV(G) ( )

+18(2q)(3qu)] 1357 9.

Case 3: When p=1 and q is odd:
In this case the eccentricity of every vertex in

a3q+1 ¢
every row is o T.SO,

"z°G)= 4

70)= & 2AbEL

vIV(G)e() _[ ()

+&2Fm 1@£m 221,
"2G)= A e(q)"j‘?’q *
2 ,
+18(2q)a3q 1 6”—1351 45 .
U"

Theorem 2. Let VPHX[p;q] be the graph of V-
Phenylenic nanotubes, when gq< p, p and q are
both even, then we have

EZ°(VPHX[ p d) =162 F q+27 p§ 67 pq 58 14q
Az°(VPHX[ p d) =486 § q-81p4 369pg 364 168

Proof. In this case the graph has 4p rows and
the eccentricity of a vertex in ith row is same as
the eccentricity of a vertex in (4p+1-i)t row
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where i =1,2, »,2 . Let xi be a vertex in ith

. . a8ptq
row. The eccentricity of xi is e(x) =4 p2 a

where i =1,2, », 2 Here the sum of degrees

of neighboring vertices in 1st and 4th rows is 6,
whereas the sum of degrees of neighboring
vertices in 2nd and 3rd rows is 8. The product of
degrees of neighboring vertices in 1st and 4th
rows is 9, whereas the product of degrees of
neighboring vertices in 2nd and 3rd rows is 18.
Hence:

Eo(ay = S, 8p+q
G — 6()(——— E
z%(G) = W?E@é’() 2I6(a) )

+8(20|)(M -2) g(zq)(Bpi+G| 3) gq)m
vo(q) BP9 s wm)m 6)

+9<2q)<8p—2q 7) - 9@)(’3%“ 2p)

=162p2q 27pf 67pg 54 14

"24G)= A “E'v) 2[8(q)(8p+q y @)l 2
vl\/(G)

w27@)EE g 270)E2 1 4
21@E 5 27@)EP ) 2w B2 7
. g7@)CRd p 9 2p)

=486p°q 81pq2 369q 36f 168). y
Theorem 3. Let VPHX|[p;q]be the graph of V-
Phenylenic nanotubes, when g< p,p is even
and q is odd, then we have:

EZ°(VPHX p d) =162 q®7 pd 94 pq 58 19%q
Az°(VPHX[ p d) =486 § q-81p4 434pq 368 144

Proof. In this case the graph has 4 rows and
the eccentricity of a vertex in ith row is same as
the eccentricity of a vertex in (4p+1-i)th row
where i =1,2, »,2 Let x; be a vertex in ith

row. The  eccentricity of xi s

e(x) = (8IO+OI 1 i=1,2, », 2

Here the sum of degrees of neighboring
vertices in 1st and 4t rows is 6, whereas the
sum of degrees of neighboring vertices in 2nd
and 3rd rows is 8. The product of degrees of
neighboring vertices in 1st and 4th rows is 9,

-i)  where
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whereas the product of degrees of neighboring
vertices in 2n and 314 rows is 18. Hence:

C(G,)— i _2[ ( )(M ]:)

\/IV(G)e( ) 2
+8(2q)(8'°+T°‘1 2) ¥ )%“' 3)

+9(q)(8'°+Tq'1 -4) 9(q>(8'°T“' 5)

+9(2q)CEL 2 L6y 9(aEP_T 2 7

2
=162p?q +27pq2 94pg 54 19
29G)= 4 [(q)(8'°+q 1y
VIV(G) ( )

+18(2q)<8'°Tq'1 2) 271 3
+27(q)(8'°+Tq'1 4) 27@)(“’7@'1' 5
271 6) 27211 7

. e?(q)(s'o%"l 2p)]

=486p°q -81pdf 434pg 36 144 Y
Theorem 4. Let VPHX][p;q]be the graph of V-
Phenylenic nanotubes, when gq<p, p is odd and
q is even, then we have:

EZ°(VPHX[ p d) =162 g q +27 p§ 103pq 148 54
Az°(VPHX[ p d) =486 f q81p4 369pg 368 8%
Proof. In this case the graph has 4 rows and
the eccentricity of a vertex in ith row is same as
the eccentricity of a vertex in (4p+1-i)th row
where i =1,2, »,2 . Let x; be a vertex in ith

row. The eccentricity of x; is a(x) :(M )

where i =1,2, »,20 . Here the sum of degrees

of neighboring vertices in 1st and 4t rows is 6,
whereas the sum of degrees of neighboring
vertices in 2nd and 3rd rows is 8. The product of
degrees of neighboring vertices in 1st and 4t
rows is 9, whereas the product of degrees of
neighboring vertices in 2nd and 3rd rows is 18.
Hence:
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E_c s S 8p+q
G) = — 2[6 — I
z°(G) Vi?(G) o) [6(a) )

+8(2q)(8p—2+q -2) 9(2:)%‘“ 3)

@2 ) s@ER 5

ro2CEd 6) 9@)EET 7n
@2 8 9@ER 9
o O@EREE S 2py)

=162p°q 27pg 4103pg 4 5F
PO V
RN A=

r1is8@EPr 2) 27(2)EEM 3
27@E2 2y 27@)ER 5
279 e) 27(2)EE 7
27@EPT -8 27@)ERY o
v 27@EREE 2 2py)

=486p°q +81pd 369pq 36q° 481l
Theorem 5. Let VPHX][p;q] be the graph of V-
Phenylenic nanotubes, when q< p, p and q
both are odd, then we have

EZ°(VPHX[ p d) =162 F q 27 p4 94 pq 5§ 1064
Az°(VPHX[ p d) =486 § q81pg 450pgq 368 1%7
Proof. In this case the graph has 4 rows and
the eccentricity of a vertex in ith row is same as

the eccentricity of a vertex in (4p+1-i)th row
where 1 =1,2, »,2 Let x; be a vertex in ith

28(a & Prd p

row. The eccentricity  of  xi is

9(&):(8P+Tq-l ) where i =1,2,», 20

Here the sum of degrees of neighboring
vertices in 1st and 4th rows is 6, whereas the
sum of degrees of neighboring vertices in 2nd
and 3 rows is 8. The product of degrees of
neighboring vertices in 1st and 4th rows is 9,
whereas the product of degrees of neighboring
vertices in 2nd and 3rd rows is 18. Hence
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Eocimy— 2 X 8p+q -1
G)= — 2l6(Q)(—— &

(@)= & o A Y

w12 ) e@)fP 1 5

@S g 9@ 1 5)

+9(2q)(8'°+T“"1 6) 9(21)(8"’7“' 7
+9<q>(8p+Tq'1 8) s(q)pr“' )

- e(q)(s"’%q'l 2p)]

=162p’q 27pF 94pgq 54 16g

A_c .. M » 8p+q -1
G) = — 2[8 — I
Z@)= &~ AQ@OCS— B

+18@ERL T 22 27(2)EP 1 g
27@CEELE ) 270)E2 1 5
27@)EP 12 w6) 27(a)EP 1 2
27@E 12 ) 27@)EE_1 2 9

=486p°q+ 81pf -450pq -36f W%
Theorem 6. Let VPHX][p;q] be the graph of V-
Phenylenic nanotubes, when p+1<q<2p-1, and
q is even, then we have:
fZ°(VPHX[p d)=54q 4890 q 27p4 67pq 4§ 144
A7(VPHX[ p d) =81d 6670 q 81p§ 369pq 171 10¢
Proof. In this case the graph has 4 rows and
the eccentricity of a vertex in ith row is same as
the eccentricity of a vertex in (4p+1-i)th row
where 1 =1,2, »,2  Let x; be a vertex in ith
8p+q )
2
where i =1,2, »,(40 -2 ) Let x; be a vertex
in (4p-2q+2i-1)t or (4p-2q+2i)* row. The

row. The eccentricity of x; is g(x) = (

eccentricity of xi is g(x) = 8p_2+q 4p 2q iy

where i =1,2, »,Q -p).

Here the sum of degrees of neighboring
vertices in 1st and 4th rows is 6, whereas the
sum of degrees of neighboring vertices in 2nd
and 3rd rows is 8. The product of degrees of
neighboring vertices in 1st and 4t rows is 9,
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whereas the product of degrees of neighboring
vertices in 2n and 314 rows is 18. Hence:

2G)= § v 2[6<q><8'° 9y
\IIV(G) ( )

+8(2q)(8'°—2q 2) 9@ 3
9@ ) 9@EE T 5
+9@)CE 6 s@)E2

8) -+ 9@)(8p+q (@p 20y

+o(g) Pt
2@ -4p 29 1
+o@E2r 9 (4p- 29 ) +
@)Y _3p @)

=54q° A8%’q 27pdf 67pq Ad 14t

2@ = A b 2@
viv(g) €

+18aEPrd -2) 27@)EEM 3
271@CE -2y 272 5

9 .6) 2722 2

+27(q)<8'°—2+q 8) -+ 2?@)(8"’%“ 4 2

+27(20)EES

+2[27(3q)(8p—2+q “(4p 2 Wy

+27(aq)(8p—2+q p x ) ---+27«a>%q @-q)

=81q° %67p°q 8lpd 36%q 17§ 108
Theorem 7. Let VPHX][p;q] be the graph of V-
Phenylenic nanotubes, when p+1< q <2p-1,
and q is odd, then we have

FZ°(VPHX pd)=27q 4890 q 27p§ 94pg 504 28¢
Az°(WPHX pd)=27q 667 q 81p4 486pq 1534 174

Proof. In this case the graph has 4 rows and
the eccentricity of a vertex in ith row is same as
the eccentricity of a vertex in (4p+1-i)th row
where i =1,2, », 2 . Let xi be a vertex in ith
o . 80+q 4
row. The eccentricity of xi is ex) = (2P 2q )
where i =1,2, »,(4 -2 ) Letx; be a vertexin

(4p-2q+2i-1)* or (4p-2q+2i)th row. The

Z. Ahmad et al.

eccentricity of xi is gy)=BP*9 T 45 2 iy
2

where i =1,2, »,Qq -p).

Here the sum of degrees of neighboring
vertices in 1st and 4th rows is 6, whereas the
sum of degrees of neighboring vertices in 2nd
and 3rd rows is 8. The product of degrees of
neighboring vertices in 1st and 4t rows is 9,
whereas the product of degrees of neighboring
vertices in 2nd and 31 rows is 18. Hence

S 8p+q 1

Fz°(G)= 4 =~ =2[6
z%(G) wae)e() [Blat——

BRIt 2y 9@ 11 3

+9(<:|)(8'°+T°"1 -2) e(q)(BpT“' 5)

+9(2q)(8'°+Tq'1 -6) 9(21)%@'1' 7

9@CE g w91 @p 20

D)

2012 -ap 29 1y

@It ap 2 2 9@ @-q)
=279 48%°q 27pf 94pg 5@  28t.

5 M 2[8(q)(8'°+Tq'1 3

VIV(G) ( )

+18<2q)<8p+Tq'1 2) 271 g
+27(q)(8'o+Tq'1 -4) 27@)%@”' 5)

+27(2q)(8'°+—q'1 6) 27212 9
8 -« 201 4z

+2[27®)<8qu1 Up )

z°(G) =

+27(q )(

27@)C S p & ) s

27@) 12 @ o))

=279° 67p°q 8lpd 486pq 153  174F.
Theorem 8. Let VPHX]p;q] be the graph of V-
Phenylenic nanotubes, when 2p<q and q is
even, then we have

"z°(VPHX p d) =817 q81pd 47 pg 1568 104
AZ°(VPHX[ p d) =243 q 243 p4 225pq 1628 168
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Proof. In this case the graph has 4 rows and
the eccentricity of a vertex in ith row is same as
the eccentricity of a vertex in (4p+1-i)th row
where i =1,2, »,20 Let x be a vertex in (2i-

1)t or (2i)*h row. The eccentricity of x; is
e()g):(m ) where 1 =1,2, »,p. 1st and
2

4th rows is 6, whereas the sum of degrees of
neighboring vertices in 2nd and 3rd rows is 8.
The product of degrees of neighboring vertices
in 1stand 4t rows is 9, whereas the product of
degrees of neighboring vertices in 2nd and 3rd
rows is 18. Hence

@)= A s @e@EPr »
8T gy 9@)@P =4 2
4 43
ro(a) P 3 3 9«34>M o)

=81p°q +81pcf 47pq 154 16q.

. M
AZCG: \
©=2a v

+18(2y)*P+3a p+3q 1) 273 )('“—*3‘q 2)

+27(@) P 3q 3) + 20(3 )(pTBq DY

=243p?q +243pq2 2250 162f 10§ .
Theorem 9. Let VPHX|[p;q] be the graph of V-
Phenylenic nanotubes, when 2p <q, and q is

2@ g

odd, then we have

“z°(VPHX[p d) =815 q81pd 74 pg 158 15q
Az°(VPHX[ p d) =243 5 q+243p4 306pq 08 188
Proof. In this case the graph has 4 rows and
the eccentricity of a vertex in ith row is same as
the eccentricity of a vertex in (4p+1-i)th row
where i =1,2, »,2 . Let xi be a vertex in (2i-

1)t or (2i)th row. The eccentricity of xi is
e(>g):(4p+23q -1 i), where i =1,2, » ,p. Here

the sum of degrees of neighboring vertices in
1st and 4t rows is 6, whereas the sum of
degrees of neighboring vertices in 2nd and 3rd
is 8. The product of degrees of
neighboring vertices in 1st and 4th rows is 9,
whereas the product of degrees of neighboring
vertices in 2n and 31 rows is 18. Hence

rows
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@)= a4 b 2@y
viv(c) €l

+8(2q)(‘”’+T3q'1 1) 9(31)%' 2

oA ) oganE T py

=81p°q 481pq2 74pq 154 1%9.

Ayc M a4p+3q -1
G)= L2
z5(G)= MG)e() [(q) 5

aeiad'p”q ! 1927(31)1742’ qu S

+18(2)

-O:0n

+27(34)2574p+23q 138+ 2@ T by

=243p%q +243p¢f 306pq 108  168.
Conclusion

In this work, we extended the eccentric
connectivity results for  V-Phenylenic
nanotube (VPHX[p;q]). We obtained exact
values of Ediz eccentric connectivity index and
augmented eccentric connectivity index for V-
Phenylenic nanotube by taking different
variation on rows q and columns p by
calculating sum and product of degrees of
partitions
technique. The generalization of eccentric

neighboring  vertices using
connectivity index, and exact formulas for
these eccentric connectivity indices were

obtained.
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