ISSN 2394-3777 (Print)
ISSN 2394-3785 (Online)
Available online at www.ijartet.com

International Journal of Advanced Research Trends in Engineering and Technology (IJARTET)
Vol. 5,Special Issue 12, April 2018

Topological indices of splitting graph of special
case of hexagonal system

M.Bhanumathi !, K.Easu Julia Rani >

Principal, Govt. Arts College, Kadaladi, Ramanathapuram, India '
Assistant Professor, Department of Mathematics, T.R.P. Engineering College, Irungalur, Trichy, India >

Abstract: A topological index is a numeric number that helps to find the characteristics of a compounds. There are many
applications of graph theory. In this paper we compute first and second Zagreb indices, Randi’c index, sum-connectivity
index, harmonic index, inverse sum indeg index, modified first and second Zagreb indices and first and second hyper-

Zagreb indices of the Splitting graph of the special case of hexagonal system.

Keywords: Molecular graph, topological indices, hexagonal system.

1. INTRODUCTION

Topological indices help for the quantitative structures
property relationship (QSPR) and quantitative structure
activity relationship (QSAR).

Let G be a simple graph, with vertex set V(&) and edge
set E{z}.The degree d,; of a vertex 1 is the number of edges
that are incident to it.

Since 1947 many number of topological indices
have been found. One of the oldest and well known
topological indices is the first and second Zagreb indices,
was first introduced by Gutman et al. in 1972 [3], and it is
defined as

M, (G) = Eypepielde (W) + dg(v)]

M;(G) = Eyyepig delu)dg(v)
The connectivity index introduced in 1975 by Milan
Randi’c [4], is defined as

1
R(G) = EquE:jE-j ﬁ

and

Recently, another variant of the Randi’c connectivity index
called the sum-connectivity index was introduced by B.
Zhou and N. Trinajsti‘c [5] in 2008. It is defined as,

) 1
X(G) :EquE':G:'m

In 2014 Jianxi Li and Chee Shiu introduced a new variant of
the Randi’c index named the Harmonic index which first
appeared in [6] called the harmonic index H (G) is defined
as

2

H(G) = Xy (Cla, +d,

Discrete Adriatic indices have been defined by Vukicevi¢
and Gasperov in 2010 . One among such indices is the

inverse sum indeg index, [7] and is defined as
dydy
ISIC6) = Euver o34
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A. Milicevi, S. Nikoli, N. Trinajstic, introduced in 2004 the
modified first and second Zagreb indices [8], and are
respectively defined as

1

"M, (G) =L, E‘.’.;Gjm
- Y 1
}"I!{G:I 2 EquE[G‘_‘u dg wyde(v)
In 2013 [9], Shirdel et al. introduced the first hyper-
Zagreb index of a graph G, which is defined as
HM,(G) = Eypepigde(w) + dg(w)]?
In [10], the second hyper-Zagreb index of a graph G is

defined as
HM;(G) = Eyperg[de(w) dg ()]

II. HEXAGONAL SYSTEM

A hexagonal system is defined as a 2-connected
plane graph in which every interior face is bounded by a
regular hexagon of unit length 1. A hexagonal system H is
said to be Catacondensed if it does not possess internal
vertices, otherwise H is said to be Pericondensed. A
hexagonal chain is a Catacondensed hexagonal system
which has no hexagon adjacent to more than two hexagons.
Some examples of hexagonal chains can be found in Fig. 1.

One can easily see that, Hy.; is a hexagonal chain
obtained from Hy by attaching n + 1 hexagons.

Based on this we define three types of fusion for
attaching a new hexagon hy 4 to a hexagonal chain Hy with
n hexagons hy, hy. hy, ... hy:

(i) If by, is on the line 1, it is called = —type fusing;

(i) If hpyy is on the left-hand side of I, it is called

f — type fusing;
(iii) If hy4y is on the right-hand side of 1, it is called
v — type fusing
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where 1 is the direct line from the center of hy_; to the
center of hy . Any hexagonal chain Hp(n = 2 can be
obtained fromH; by a stepwise fusion of new
hexagons, and at each step a# — type fusion is selected,
where € {o. .7} . Below are examples of the above
said three types of fusing in Hexagonal system.

(ii) A hexagonal chain Hg

(iii) A Zig-zag chain Z;
Fig 2.1. Single hexagonal chains with different types of fusions.

III. MAIN RESULTS

In this chapter we compute topological indices of on
splitting graph of special case of hexagonal system. That is
we are going to study the topological indices of Linear
chain with o, fandy types of fusing .Fig 2 shows the
Linear chain with o —type. i — type and v — type fusing
of length 5 which is denoted as Ly (e o)

L;(a.p) and Ly{o, v).

i eoo PO

L. (ma) L, (Bl Lylery)

Fig 3.1. Linear chain L with @ B.¥ type fusing

Defenition 3.1 [14].

The Splitting graph 5{} of graph G is the graph where for
each point v of a graph G, take a new point ¥ 'and join v' to
all points of G adjacent tov.
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The following diagram shows the linear chain L (e c)
and its Splitting graph 5[ L, (a. aJ]

SoolT s

L (o) S[L.(aal]
Fig 3.2. Linear chain L: with @ — type fusing and its Splitting graph

Theorem 3.1:
1f 5( L, (o ) is a linear chain with @ — type fusing , then

@@ M,(G) =5026n +13)
Ms(G) = 24(11n - 3)

(DR == [3(3+6v2) + - D(1+2V6+ 83 +
242)]

1
1260

(HDX(G) = —(3465 +2239(n — 1))
(iv)H(G) = —(3465 + 2239(n — 1))
(VISI(G) = (980 +1031(n — 1)
() ™M, (6) = - [90(n +2) +40(n — 1)]
M, (G) = —[540 + 280(n — 1)]
(vii)HM,(G) = 816 +1158(n — 1)
HM,(G) = 2304 + 5400 (n — 1)

Proof
Let the graph G = S( L, (@ a)) is a linear chain with @ —
type fusing as shown in the following diagram

Fig 3.3. Splitting graph of Linear chain L, with @ — type fusing

In S{ L,z a)) we see that
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[v(s( Laec)))| =220 + 1)

ElS = 3(5 13.
andl ( [ Ln[””‘l})}l (51 + 1).There are 4 types of 1) 2(6) 2[4-[11—1]‘] 2(12)

vertices with degree namely V3 V3 V; and V; Hence we

o g Y ¥z Ve ¥s, & 616 +4+4+ 116 +2+4
2(4¢tn-1)) 2(4tn-1)) 2(2(n-1))

v, (S( LpCaad))| = [v, (5( Lalwad))| =20 + 2) s 3 T

and

IV (S( LaCa.))| = [Vs (s( Lo @a)))[ =260 - . == (34&5 +2239(n — 1))

A(lso the ed%es with degrees of end vertices in

5 Lyl al) is as follows: dydy

There are (n — 1} edges with degrees of end (ISIE) = Euver (65,1, dy+dy

vertices(6.6); 6 edges with degrees of end ‘v ixa i _

vertices(4.4); 4(n — 1) edges with degrees of end = (o - - _p(2*e * .
(n—1 +6 +4n-1) +12 ++

vertices(4.6); 12 edges with degrees of end 6 4+4 4+6 2+4

vertices(2,4); 4(n — 1) edges with degrees of end 3 NG 1%6 1

vertices(2.6); 4(n — 1) edges with degrees of end +d{n — 1) (—) +2(n —1) ( ) =— (gg[} 110310 — 1})
vertices(3.4); 2(n — 1) edges with degrees of end 3 +4 3+6 35

vertices(3.6). Hence

(wi} ™M (G} E’uETn"[E]d )2
_2(n+2}( )+2(n+z}(1)+2(n—1}( )+2(n—1}( )

=ln-16+6) +604+4)+ 40— 14 +6) +1202+4) + 4ln - 3(24 Ed0tn Hro)- A 40l 4 34)]
+ 2(n — 1)(3 + 6) = 5(26n + 13)
M;(G) = Eivepms daluldg(v)

D) MG = Eyppglde () + de(v)]

={n—1)6=x6) +6(2x4) ™M, (G)= E““Eﬂtﬂld;mla;m
+aln — 14 xa) + 1202 x 4) + F ; i i i
4n — 12 x 6V + 2(n — 14 x 3} =-1—]+6|—|+4n - 1)|—) +12|— )+ 4l - 1)|—
£20n —1)(3 x6) = 240110 — 3) ° (ﬁ"f’) (‘“‘4) f [4”’) [2’”‘) ’ (2”’)
1 1
(i)R(G) = Euveacn:ﬁ i - 1}( Tx 3) +2n - 1}( 3% 5) =
m-1) & 4(n —1) 12 = i[54g +280(n — 1]]

288

+ + +
VexE Jixd Jiwe JZxd

4n—-1) 4 —1} 2(n —1)

+ + = (vil)HM, (G) = Eypegegyldg(u) + dg (v)]?
J2xE  43x4d ‘\-"3 ® 6

1 = -106+6)"+6(4+4)7+4n - 1) +6)> +12(2 + 4)* -
= 3[3[3 +6vVZ) + (0 — 1)(1 + 246 + 83 + 242)] +4n-1)E + 47 +2ln - 1)(3 +6)* = 816 + 1158(n — 1)

= 2
(H)X©) = Tyvertwr 7 HM2(G) = Huveri) [de () dg (v)]

ln—1J+ 6 +4"lnv—11+ 12 +4ln—11+4ln—1=l 1)@ 6)7 + 604 % 4)7 +4n — 1) (4 % 6)F +12(2 x 4)7 4
61+E- 444" 446 244 2456 3+ 444N 3 I3 x4 +2n —10(3 % 6)% = 2304 +5400(n — 1)

3465 + 2239(n — 1)
125(}( n-1) Example 3.1:

2

()H(G) = Lyvee () 5 5.
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Consider the graph G =5( L,(x,a)). Then we

have, |‘-i'( s( L4(mm]})| = 36
|E( s( La(e )| = 63 Here Vo] = IV,] = 12 and
Vil = IV;] = 6. Also there are 3 edges with degrees of

end vertices(6.6); 6 edges with degrees of end
vertices(4,4);12  edges  with  degrees of end
vertices(4.6); 12 edges  with  degrees of end
vertices(2,4);12  edges  with  degrees of end

vertices(2.6);12 edges with degrees of end vertices(3.4);6
edges with degrees of end vertices(3.6). Hence

(i)M, (G) = 510
M,(G) = 084

(iR(G) = 18.535
(iii)X(G) =7.93
(iv)H(G) = 16.162
(V)ISI(G) = 116.37
(wi) ™M, (G) = 4.583
™M, (G) = 4.792
(vii)HM, (G) = 4200
HM,(G) = 18504

Theorem 3.2:

1f 5 L, (2 B)) is a linear chain with B — type fusing ,
and 5[ L,(ay)) with v — type fusing then we see that
both the chains are symmetric and

hence S( Ly (e f)) = S( L, (e v)).Hence

(i)M, (G) = 130n — 10
M.(G) =2(33n - 8)

GDR(G) = ——=[6(74/6 + 283 — 12 — 2442) +

246

4n(12 +4/6 +2442)]
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(ii)X(G) = (3178980 + 6717n)

(ivHE) = —

p— (1589490 + 6717n)

(v)ISI(G)

1
Eisngsn —107)

(vi) ™M, (G) = i[gu(n +2) +40(n — 1)]

=M, (6) = -[540 + 560n]

(viiJHM, (G} = 1158n — 326
HM,(G) = 5400n — 2496

Proof

Let the graph G = 5{ Ly (e |3]} is a linear chain with
B — type fusing and S{ L, (& v)) with ¥ — type fusing as
shown in the following diagram

5

(a)s( L.(aB))

()3( Llay))
Fig 3.4. Splitting graph of Linear chain L, with B — type fusing
and ¥ — type fusing

In S Ly{ap)) and 5[ LyCay)) we see that
IVl = 4(2n + 1) and |El = 3(3n + 1).There are 4 types
of vertices with degree namely V3 V3 ¥V and Vz Hence we
have
Vol = Vgl =2(n + 2)
And V5l = Vgl =2 — 1)
Also the edges with degrees of end vertices in

S Ly(a.p)) =S L(a 7)) is as follows:
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There are n edges with degrees of end vertices(6.6J; 7 _[6x6 4 x4 4x6 2x4
) i =n +7 + (4n - 6) 14 +(
edges with degrees of end vertices(4.4);( 4n — 6) edges 6+ 6 4 44 4 4+ 2+4

with degrees of end vertices(4.6); 14 edges with degrees 1x4 1vE
of end vertices(2.4); ( 4n — 6) edges with degrees of end +(4n —6) (L) n ( * )
vertices(2.6): ( 4n — 6) edges with degrees of end 4 R
vertices(3.4); 2n edges with degrees of end vertices(3.6].

Hence

—ﬁisugsn 107)

@) ™M, (@) = Tucvigy o
DM, (G) = Eyyegigldeu) + dg(v)]

1 1 1 1
—n(6+6) + 70 +4) + (4n—6)(& +6) + 1402 +4) 4 (o +62))(£ﬁ)ﬁjﬁ-(f &2 (ﬁg i 55“(2‘3(&%)&? 20 - 1) (E)
=130n — 10 = m[-;H::u[n + 21+ 40(n — 1)]

M;(G) = Zyvepre delwlda(v) .
=M [G} E’quE[E]T
=nlfx6) +7(4x4) + (dn — 64 x6) + 1402 x4) + (4n —6)(2 Xﬁ]‘+ [‘111 64 x 3)

+ 2n(3 x 6) = 8(33n - 8) :“(ﬁia)+T(4>1<4)+[4“_ﬁ}(a}iﬁ)JrH(zi_%)JrH“'

1

(DR(G) = Xyveriqy 5 1 1
n 7 RN () (-6 ﬂh[‘*“—ﬁ}(m)”“(m):
= + + + + + <" 9
*u"ﬁxﬁ Vax4 Ax6 +2x2 V2x6  V3x4 VIx6 ———_[540 4+ 560n]
= —[ﬁ(w?r + 284312 — 244/Z) + 4n(12 + V6 + 2447)] R’
(Vi) HM (G) = Eypepgrelde ) + dg (v)1*

(HX(E) = Ty pty— =nl6 +6)*+ 704 + 4)* + (4n — 6)(4 + 6 + 142 + 4)* + (4n
veBltl g v, 411 6)(3 + 4)% + 2n(3 + 6)2 =1158n — 326
n 7 \ove 1a Talh AN SENE 9C Lt t 6)
_515+4+4+ 4 +6 +2+4+ 2+6 y 3+4 +3+5
= 5555 (3178980 + 6717n) HM;(G) = Zyvegy[de () de ()1

=nl6 %6 +7@x4)? +(4n —6){4x6)7 +14(2 x4)* + (4n

. 2 +(4n —6)(3 x 41 + 2n(3 x 6)* = 5400n — 2406
(HG) = Tuver ey 31

2n 2(7) 2((4n-6)) 2(14) 2((4n-6)) 2((Bxmmple 3.2:(2n)

,5_|_;:5l+4,+4.+ 1+6 2+ 4 216 Gonsider ﬁlg graph G=5( L.(wp)). Then we have,

— (1589490 + 6717n) v (s( L5 p))| = 44;|E( S Ls(a B)))| = 78 Here
Il =Iv,l =14 and [Vz]l = IV, = 8. Also there are 5
edges with degrees of end vertices(6.6);7 edges with
d.d, degrees of end vertices(4,4};14 edges with degrees of end
(VISIG) = Tyver ) g,+d, vertices(4.6); 14 edges with  degrees of end
vertices(2,4);14  edges  with  degrees of end
vertices(2.6);14  edges  with  degrees of end

1890
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vertices(3.4);10 edges with degrees of end vertices(3.6].
Hence

()M, (G) = 640
M,(G) =1136
(if)R(G) = 2.830
(ii)X(G) =8.775
(iv)H(G) = 19.772
(V)ISI(G) = 146.27
(vi) ™M, (G) = 5.486
™M, (G) = 5.7986
(vii)HM, (G) = 5464

HM,(G) = 22712
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