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1. Introduction

Cheminformatics is a modern field that combines chemistry, computer science, mathematics.
Mathematical chemistry is a subfield of chemistry in which we examine chemical structures
by applying mathematical logic. The molecular graph is constructed by representing atoms as
points or vertices and constraints as edges or lines, respectively. A graph is ‘joined’ if every
two vertices have connectivity, a graph is ‘simple’ if there are no multiple edges and loops
present between any two vertices. Molecular graphs are all connected and simple. The
number of vertices connected to a vertex determines its degree. We recommend [4] for basic
graph theory concepts. A topological index is a numerical value associated with a graph that
describes the graph's topology and is invariant under graph auto-morphism. Distance-based
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topological indices, degree-based topological indices, counting-related polynomials, graph

indices are some of the most common types of topological indices. Degree-based topological

indices are significantly vital in chemical graph theory, especially in chemistry. A topological

index Top(G") of a graph G is a value having the characteristic that Top(H") = Top(G") for

any graph H ‘isomorphic to G'. Wiener developed the concept of the topological index while

researching the boiling point of paraffin [1, 3, 9-11, 24, 31]. For more information about the
topological indices, the reader can look at the articles [2, 7, 8, 17-23, 26-28, 30, 36-38, 40]

2. Definitions

For a graph G’, the Sum connectivity Kulli-Basava index, the Product connectivity Kulli-
Basava index, the Atom bond connectivity Kulli-Basava index, the Geometric arithmetic
connectivity Kulli-Basava index, the Reciprocal connectivity Kulli-Basava index are defined
by

, 1
SKB(G) = , (1)
( ) uv;:(c) Se(u) + Se(v)

, 1
PKB(G) = — (@

quE(G) Se( u) SE( U)

N Se(w) + Se(v) —2
ABCKB(G") = W;(G) j S (D) 5.(v) ,(3)

, 2y/Se(u) Se
GAKB(G') = ﬁ (4)
UVvEE(G) € €
and RKB(G') = ZquE(G) V Se(u) Se(v), (5)

respectively (see [33]).

Figure 1: Hammer-like benzenoid graph H,,(G").

The degree of an edge is determined by the formulad;(e) = dg(u) +dg(v) — 2. The
neighbourhood of vertices and sum of the degrees of all edges incident to a vertex are
denoted by N, (v) andS, (v), respectively (see [5-6, 12-16, 25, 29, 32-35, 39]).

3. Main Results
3.1 Result for Hammer like-Benzenoid Graph

The hammer-like benzenoid graph H, (G') has 2(2n+15) vertices and (5n+37) edges. By

simplification, the basis of the degree of vertices is divided into two portions 2(n+8) vertex
of degree 2 and 2(n+7) vertex of degree 3. When two pyrene-fragments are joined at each
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end of a linear polyacene chain of length n, the resulting structure is called a hammer-like

structure H, (G').

Now, we construct a table by using section Error! Reference source not found. and calculate the
partition of the edges to their sum of the degrees of all edges incident to vertices for the

hammer-like benzenoid graph. So, fore =uv e E(G’), we have:
Table 1: The number of edges partition of (S.(u),S.(v)) for Hammer like-Benzenoid

Graph.
(S.(u), S,(v)) | (45) 65 | (510) | (511) (6,10) | (6,11)
Number of n(n—2) 2 n(n—2) n n(n—l) n
edges
(S, (u), S, (v)) |(10,12) (11,11)  (11,12) | (12,12 (10,10)
Number of [ n n+2 n 2 n-1
edges

Theorem 3.1.1. The Sum connectivity Kullibasava index H, (G’) is defined by
1 1 1 1 2 1 2

1

4 ——+=|n"+ + + + =
3 \15 4] (Jﬁ J20 V22 23 3

(2 2 1 1 j

| ——=t ===

Jio V22 6 20
Proof: By using sections Error! Reference source not found. andTable 1, we get
SKB(G') = >

1
ueE(G") JSe (U) + Se (V)

SKB(G') = (

)

=n(n—2)%+2%+n(n—2)E+n%m(n—l)%m%ﬂn—l)%
+ni+(n+2) L inLliot

J22 V22 23
=n(n-2) +2%+n(n—2)%+n +n(n—1)—+n%+(n—l)%
+ni+(n+2) 1 n Lot

J22 J22 V23 26

1 1 , (1 1 2 1 2 2
(3 T*Zj [Jﬁ@@mwﬁj

Theorem 3.1.2. The Product connectivity Kullibasava index H,(G') is given as
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PKB(G’):( L, 1.1 jn2+[i+i+i+ t . 1 2 2 1
J20 50 /60 J55 66 10 120 11 132 20 50 /60

2 2 1 1
=+ —=+=——|.
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Proof: By using section Error| Reference source not found. and Table 1, we get
PKB(G ) UVEE ,—V
=(n’ —2n)—+2—+(n2 —2n)i+nL (n® —n)iJrnL
J20 25 \/50 60 /66
+(n- 1 1 1 1
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H%I
ol

N

1 1 1 1 1 1 2 2 1
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Theorem 3.1.3. The Atom bond connectivity Kullibasava index for H (G') is given as

w5 3 e (18- 22 A
(BB BT ol [T o)

Proof: It follows from section Error! Reference source not found. and Table 1that

S, (u)+S,(v)-2
ABCKB(G')= ). J 5. ()

n2)\/;+2 +nn2\/7+n\/7 nl\/i\/i
18 20

("= 100+n\/; n+2) 121 132 Y2\ 1aa
el o B o 1o
+n—1)§+n\/g+ n42 \/—+n\/7 \/_
(5Bl (5220 8
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L)
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Theorem 3.1.4. The Geometric arithmetic connectivity Kullibasava index for H,(G')is

defined by
255 B6 1, 20 m—z@z@@j

GAKB
()= ( 33 5 60 ll 66 5 25 30

+[\/ﬁ+\/ﬁ+\/%Jn2 (ﬂ 1,1 1)

10 25 30 5 1173 5

Proof: By using section (2) and Table 1, we get

GAKB(G)~ ¥ 2,/S. (u)S, (v)

wiete) S.(U)+S, (V)

:n(n—2)—2\/ﬁ+—4\/£+n(n—2)2\/%+n2\/%+n(n—1)—2\/E

20 25 50 55 60
266 (n-1) 24100 23120 (n+2) 2121 2V132 4144

66 100 120 121 132 144

:n(n—2)@+§+n(n—2)@+n—2\/§+n(n—l)@+ @

10 25 25 55 30 33
+(n—1)1+n v120 +(n+2) =+

5 60 11 66

55 33 5 60 11 66 25 30

+(\/ﬁ+\/%+\/@] (4 4 1 1}

10 25 30 57113 5

Theorem 3.1.5. We define the Reciprocal connectivity Kullibasava index for H, (G') by

RKB(G') = (7+J_)n +(\/_+\/_+2\/_2+\/_ 6— ZJ_)
+(2«/1_0+2\/§+2\/ﬁ—@).

Proof: By using section Error| Reference source not found.andTable 1, we get

RKB(G)= > 4/

uveE

= (n—2)\/ﬁ+2 5+5+n(n—2)J5+10+m/5+11+n(n—1)M
+ny/6+11+(n-1)v10+10 +ny10+12 +(n+2)V11+11+ny11+12 + 2412 +12
=(n*-2n)3+ 2410 +(n* = 2n)+/15 +4n+(n* —n)4+ny17 +(n-1)+/20
22+n\/§+2\/ﬁ+(n+2)@
:(3+4+J1_5)n2+(—6—2\/1_5+4—4+\/1_7+\/%+\/§+\/§+\/Z)n
+(2\/1_O+2\/§+2\/ﬂ—@)
:(7+\/1_5)n2+(\/1_7+\/E+2\/§+\/£—6—2\/1_5)n+(2\/1_0+2\/§+2\/ﬂ—@).

1
3
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5
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3.2 Results for Linear Benzenoid Phenylenes

The descriptor phenylene is generally reserved for chemical graphs formed by inserting a
square between all pairs of neighbouring hexagons in catacondensed benzenoid systems.
There are two types of vertices one vertex is of degree Two and the other vertex is of degree
Three. The number of vertices is equal to V(G') = h'?2 + q'> + n'> + h'q’ + ¢'n’ — 5and the
total number of edges in the graph E(G') = h'> + "> + n’> + 5(h’ + q' + n’) — 4, where
h'is the number of hexagons in each hexagon segment g’is the number of squares joining the
hexagon and n'is the total number of hexagons segments. Therefore, linear benzenoid

phenylenes can be a suitable term for these graphs.

OO e e 0

Figure 2: Linear Benzenoid Phenylene where i’ = 3, g’ = 5and n' = 4.

Now, we construct the table using section 2 and we calculate the partitions of the edges to
their sum of the degrees of all edge’s incident to vertices of fluoranthene type benzenoid
linear generalized phenylene graph for e = uv € E(G') in Table 2.

Table 2: The number of edges partition of (S.(u),S.(v)) for Linear Benzenoid

Phenylene.
(S.(u), S.(v)) [44) 45) (510) | (66) (6,10)
Number of | 2 n' n’ q+1 q?
edges
(S.(u), S, (v)) |(611) (10,10) (11,11) ' (11,12) (12,12)
Number of | h'+q'+n" | @ q+1 h+q+n | h2in?45
edges

Theorem 3.2.1. The Sum connectivity Kulli basava index for linear generalized phenylene is
defined by

500 7 " 7 ) T v Tm )
B B L e e A e AR

Proof: By usmg definition (2) and Error! Reference source not found., we get

SKB(G') =
( ) uveE 1’ +S
+(q'+1)— +q —+(h'+q’ +n)i+q' 1
2 A e N YRR
' 12 12 l
(g’ +1)\/_+(h +q +n)\/_3+(h +n +5)ﬁ
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Theorem 3.2.2. The Product connectivity Kulli basava index for linear g
phenylene is given by

1 1 1 1 1 1 1 1
PKB(G')=| — |h"*+| —— |97 +| = [ +| =4+ ——+—+—+—=|q
(&) (12] (\ﬂ§5jq (12} (6 J66 10 11 \hszjq
+(i+ijh'+( ! + ! + L + ! jn’+£1+1+i+ij
J66 (132 J20 50 66 132 2 6 11 12

Proof: By using definition (2) and Error! Reference source not found., it follows that

, 1
PKB(G:y_w;;éq S, (u)S, (v)
:21+n’1+n’1+q'1+1+q’21+h’1+q’1
V16 V20 50 36 36 © 6O 66 /66
+n' ! +q' L +q ! + L +h' L +q' ! +n' !
J66 " 100 121 V121 132 132 132
o 1 o 1 1
+h \/14_4+n JM_4+5J1£1_4
:l+n’i+n’—+q’l+l+q'2 1wl +q' ! !
2 20 50 6 6 0 Je0 o6 a6 .JEE
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10 911 n J132 7 132 132 TRRETRRETY
1
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12 J60 12 6 66 10 11 \i32
+[ ! + L jh’+( L + ! + ! + L jn'+(£+l+i+ij.
J66 132 V120 50 /66 132 2 6 11 12
Theorem 3.2.3. We define the Atom bond connectivity Kullibasava index
generalized phenylene
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Proof: By using definition (2) and Error! Reference source not found., we get

ABCKB(G')= Y JS( )+S.(v ) &

ung U)S

\/7+n / +n\/7+(q +1)\/7+q'2 f +(h+q' +n)/
"/—+( "+1) /—+(h’+ '+n’),/—+(h’2+n’2+5) 22
a 100 q 121 a 132 144
:£+n' l+n’\/§+q’@+@+q’2\/z+h’ E+q’ E
2 \' 20 50 6 6 30 \ 66 \ 66
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66 10 11 11 132 132 132

+h' \/ZJrn’z \/E+5\/§
12 12 12

L
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Theorem 3.2.4. The Geometric arithmetic connectivity Kulli basava index for linear
generalized phenylene is given by

GAKB(G') = h'® 4{@}1'2 +n'? +[2\/& + ZJB_Z]W [ 2\/_ 2\/1?]

17 23 17 23

(2\/_ 2J_ 2J_ 2\/1Tj

15 17 23
Proof: By using definition (2) andError! Reference source not found., we get

GAKB (G’) - UVEZE(:G') ZSe ?:()li)ss:((\:/))
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:4\/E+nr2@+n/2'\/_ ( +1)2'\/_ 12 2\/_+(h! /)2'\/%
8 9 15 17
g 230 1)—2“12 F g m) 282 gy e 523344
20 23 24
:2+n!2\/_+nr \/_+q/+1+q72\/%+h72\/%+q12\/_+n7 \/_
9 15 8 17 17 17
+q' +q +1+h 2132 +q' V182 | 2182y e s
23 23 23
_ 2, [ /60 0o’ s 266 2132, (, 2/66 2V132 "
8 17 23 17 23

15 17 23

Theorem 3.2.5. The Reciprocal connectivity Kulli basava index for linear generalized
phenylene is given by

RKB(G')=(12)h" + (/60 ) g + (12)n"* + (/66 + 132 )+ (27 + /66 + 132 )
+(@+@+\/@+\/132)n'+85.
Proof: By using section Error! Reference source not found.andError! Reference source not

found., we get
RKB(G')= > S, (u)S,(v)

uveE(G’)

=216 +n'\/20 + n'\/50 + (q’+1)\/%+q’2\/ﬁ+ (h"+q'+ n')\/%+ qk/lO_O
+(q +D)V121+ (0 + g +n)V132 + (2 +n'2 +5)\144

=2.4+n'\20 +n'\/50 + (9’ +1)(6)+q'*v60+(h'+q' + n’)\/@+ g'(10)
+(q'+D(1D) + (0 + ' +n")V132 + (W2 + n'2 +5)(12)

=(12)h" +(«/@)q’2 +(12)n" +(\/@+\/13_2)h’+(27+\/@+ Jl:%_z)q'
+(@+\/%+\/%+\/13_2)n’+85.

[2J_ 2450 _ 2/66 2@]

Conclusion

Graph theory has given researchers several helpful tools, such as topological indices. It
investigates quantitative structure-activity (QSAR) and structure-property (QSPR)
correlations, which are used to determine chemical compound biological activities and
characteristics. In this paper, the Kulli-Basava indices of chemical graphs have been
computed. Our results may play a vital role in estimating the melting and boiling points.
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