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Chemical graph theory has an important impact on the
development of the chemical sciences. A chemical graph is a
graph that is produced from some molecular structure by
applying some graphical operations. The demonstration of
chemical compounds and chemical networks with the M-
polynomials is a revolution and the M-polynomial of different
molecular structures contributes to evaluating many
topological indices. In this paper we worked out M-Polynomial
and topological indices of the tadpole graph, then we recovered
numerous topological indices using the M-polynomials.
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Introduction

The word "graph" was firstly used by James .
Sylvester  (1814-1897) in 1878. In
mathematics, graph theory is nowadays one
of the rapidly growing branches. Graph
theory has also found common application in
various fields such as physics, biology,
operations research, optimization theory,
statistical mechanics, computer science, and
engineering and even in chemistry. One of the
most important sub fields of mathematical
chemistry is chemical graph theory which
was originated by Ante Graovac, Milan Randic,
Alexander Balaban, Haruo Hosoya, Nenad
Trinajsti¢ and Ivan Gutman [27-34].

In chemical graph theory, the description
of the molecule is generally characterized by
graphs, which are identified by their vertices
and edges. These graphs are set up from
chemical molecules in which atoms convert
vertices and bonds turn into edges of the
graph. The topological index used for a
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molecular graph is the ultimate conclusion of
mathematical and logical operations which
transform chemical facts of the molecule into
a suitable number. The Topological
descriptors are derived from hydrogen-
suppressed molecular graphs.

In theoretical chemistry
topological indices are presented to check the
properties of molecules which are distributed
in three classes distance dependent, degree
dependent and counting related topological
indices. A degree depended topological
indices are calculated with the support of the
degrees of vertices of chemical graph.

The topological indices calculated in this
paper are atom bond connectivity index,
symmetric division index, first and second K-
Banhatti index, first and second K-hyper

several

Banhatti index, modified first and second K-
Banhatti
index.

index, and harmonic K-Banhatti

Page |146


http://echemcom.com/
https://orcid.org/0000-0001-5396-7598
https://orcid.org/0000-0003-2969-4280
https://orcid.org/0000-0002-8606-2274
https://orcid.org/0000-0002-2698-0807

Page |147 ; Eurasian
@m Egﬁ:mﬁﬂications

In the paper, all graphs are assumed
selected simple and connected. We calculated
M-polynomials of graphs and relying on this,
we determined topological indices. These
graphs are useful to understand the moving
behavior of topological indices concerning
the structure of a molecule. In this article, we
computed a closed-form of some degree-
based topological indices of tadpole by using
an M-polynomial.

M-polynomial

An algebraic polynomial can also explain the
behavior of the molecular structure. M-
polynomial is also graph representative
mathematical object. With the help of M-
polynomial, we calculated many degree
dependent topological invariant present in
Table 3.

For a graph G, the M-polynomial presented
in 2015[15] is defined as:

M(G,x,y) = Z m; (G)x'y’
s<i<j<a

Where 8§=min{d,|vEV (G)}, A=max{d,|vEV (G)}
and my(G) is the number of edges vu€E(G)
such that {dv;d.}={i;j}. M-polynomial of many
graphs are introduced [1,2,14,16,17,29,30] in
the past. In this work we computed M-

polynomials and topological indices of
T(n;m).
Tadpole graph

The Tadpole graph T(n;m), presented in
Figures 1, 2, 3 can be measured as a structure
obtained by fusing six segments of linear
polyacenes into a closed loop.

TABLE 1 Edge partition of Tadpole graph

T(n;m)
(du;dv) Number of Edges
(1,2) 1
(2,2) (n+m -4)
(2,3) 3
Total edges (n+m-4)+4
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FIGURE 1 Tadpole graph T (3;5)

FIGURE 2Tadpole graph T (4;5)

FIGURE 3 Tadpole graph T (5,5)
Topological indices

A topological index is a numeric real number
related to the topology of the molecular
graph. There are many classes of molecular
topological invariants but degree dependent
topological indices have an important role in
the field of chemical graph theory. These
degree dependent indices are computed on
the basis of degrees of vertices of molecular
graph. Usually carbon-hydrogen bond is
surpassed during the study of topological
indices because this bond does not have any
effect on the topological properties of the
molecular compound. These topological
indices have many applications in QSAR and
QSPR studies. Table 2 shows some important
degree-based topological indices.

The following table tells some well-known
degree -based topological indices compute
via M-Polynomial.
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TABLE 2 Degree-based topological indices

Atom-bond connectivity index [28]

Geometric arithmetic index [34]

First K Banhatti index [31]
Second K Banhatti index [31]

First K hyper Banhatti index [32]

Second K hyper Banhatti index [32]

Modified first K Banhatti index [33]

Modified second K Banhatti index [33]

Harmonic K Banhatti index [33]
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d, +d -2
ABCIT(n.m]= >, /T
uveE (T (n,m)) u v

2,/d,.d
GAT(nm)]= > —

uveE(T (n,m)) du +dv

Bl[T(n! m)] = Z (du + duv)

uveE (T (n,m))

BZI.—I-(n’m)] = 2 (du'duv)

uveE (T (n,m))

HB[T(hm]= > (d,+d,)?

uveE(T (n,m))

HB,[T(nhm]= > (d.d,)’

uveE (T (n,m))

"BTMM= Y

uveE (T (n,m)) du + duv

"BIT(M= Y

uveE (T (n,m)) du 'duv

HITml= Y 2

uveE(T (n,m)) du + duv

TABLE 3 Degree dependent topological indices [2]

Topological index
Atom-bond connectivity index
Geometric arithmetic index

First K Banhat[[ti index

Second K Banhatti index

First K hyper Banhatti index

Second K hyper Banhatti index
Modified first K Banhatti index
Modified second K Banhatti index

Harmonic K Banhatti index

Derivation from M(G;x,y)
1 1

ABCIT (n,m)] = D7Q 3575, Z[f (x Y}l
GA[T(n,m)] = ZSXJDE Dé[f (X, V4
B,[T(n,m)]=(D, +D, +2D,Q,J)[f (X ¥)].,4
B,[T (n,m)] = D,Q,J(D, +D,)[f (X y)],.
HB,[T (n,m)] = (D? + D? + 2D?Q ,J

+2D,Q,J (D, + D)L (X, )]y
HB, [T (n,m)] = D;Q ,J(D; + D)) f (X, Y)I, 4
"B[T(n,m)]=S,Q,J(L, +L)f(x Y]
"B, [T (n,m)]=S5,Q,J(S, +S)[f(x y),u
H, [T (n,m)]=2S,Q,J(L, +L)[f (X Y)]4
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Where the operator used is defined as

_o(f(xy)) _ ot (xy)
D f0y) =x—=—7—".D,f(xy) =y y

L0Gy) = FOE 9L Fy) = f(x,y?),
S, f(xy)= I@dt,sy f(x,y) = j@dt
I (xy) = F(6,x),Q, f(xy)=x"f(x,y),

0: 1(xy) = I TGy,
DZf(xy) = yW-\/f(x,w,
52100y = [[ Ve TG0,

SZf(x,y)= I@dt-«/f(x,y).

M-Polynomial of Tadpole graph

Theorem 6.1. If tadpole graph is symbolized
by

T(n ; m) then for n,m=3, M-polynomial of T(n;
m) is

M[T(n; m);x;y]=xy?+(n+m-4)x2y2+3x2y3,

Proof: Let T(n;m) be a Tadpole then by using
Figure and Table the Edge partition of
Tadpole graph T(n;m) is
E,(M(n,m))={e=uveT(n,m):d, =1d, =2}
:>| El,zT (n, m) |: 1,
E,,(T(n,m))={e=uveT(n,m):d, =2,d, =2}
=|E,,T(n,m)|=(n+m-4),
E,;(T(n,m))={e=uveT(n,m):d, =2,d, =3}
=|E,;T(n,m)|=3.

The following result is obtained by applying
the interpretation of M-polynomial

M(T(nm);x,y)= >, m(T(nm)x'y’,

S<i<j<A

M(T(nm)x,y)= > m(T(nm)x'y’,

1<i<j<3

M (T (n,m); X, y) = D" my, (T (n, m))xy*
+3 My, (T(M)XEY? + Y My (T(n,m)x°y°,

2<2 2<3

M (T (n,m); x,y) o E., |Xy2+| E,, | X2y2+| E,s | X2y3:
M (T (n,m); X, y) = xy> + (n+ m—4)x’y* +3xy?

The structure of M-polynomial of T(n,m) is
shown in Figure 4.

F. Chaudhry et al.

FIGURE 4 3D sketch of the M-polynomial of
the Tadpole graph T(n;m) for n=m=4

Topological Indices of Tadpole Graph

Theorem 7.1. Let T(n;m) be a Tadpole
M[T(n;m);x;y]=xy?+(n+m-4)x2y2+3x2y3
Then:

[L.]ABC[T (n,m)] = %(n +m)
[21GATT (n,m)] = (n+m) + [%_ 4j

[3.1B,[T(n,m)]=8(n+m)+6
[4.1B,[T (n,m)] =8(n+m)+16
[5.JHB,[T (n,m)] =32(n + m) + 68
[6.]HB,[T (n,m)] = 32(n + m) + 228

I BIT(m] =2 (nem) -
BT BT (] =S (n+m)+ 3
[SIH,IT (0 m)] = (n+m) - =
Proof: Let

M[T(n;m);x;y]=f(x;y)=xy?*+(n+m-4)x2y?+3x2y3

1. The atom-bond connectivity index

S2f(x, y):ixy2 +i(n+m—4)x2y2 +ix2y3

7Y ' B
S%S%f(x, y):ixy2 +1(n+m—4)x2y2 +ix2y3
ST =5 3
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11
JSZSZf(x, y):ix3+%(n+m74)x“ 2

) %

11
Q,Jszszf(x,y) =ix+%(n+m—4)x2 IR

N7 %

: 23 1 1 2 3 s
D2Q,ISZS2f(X,y) =—=x+—=(N+M-4)x* +—=xX

22 V2

ABCIT (n,m)] = DX%Q,ZJSX%Sy%[f (% Y)]a =—=(n+m)

1
2
2. The geometric arithmetic index
F(x,y) = xy? + (n+m-4)x2y? +3x%y*

(
1
DZf(x,y)= ) = V2092 +2(n+m - 4)x2y? + 33Ky
1
2

1
DZDZf(x, ) =207 +2(n+ m=4)x°y +3Bx%y°
1 1
JDny2 J—x +2(n+m-4)x* +3«/_x
5,9D7D2 f (xy) = ‘/—x3+ S@em- 4)x4+3J§ s
‘\/_ 3 4 6'\/g X5

ZSXJDXZDYZf(x,y) — X +(N+m-4)x" + —

18J§ +1042

GAU(nvm)]ZZSxJDf Df[f(X, Yl =(n+m)+ (——

—4)

3. The first K Banhatti index

f(x,y)=xy> +(n+m-4)x’y* +3x*y*

D, f(xy)=xy’ +2(n+m-4)x’y* +6x7y’

D, f(x,y) =2xy* +2(n+m—-4)x’y* +9x’y’®

(D, +D,) f(x,y) =3xy” +4(n+m—-4)x*y* +15xy’

(D, +D,) f(X,Y),.yq =4(n+m-4) +18Jf (x,y)
=+ (n+m-4)x* +3x°

QLI (x,y) = x+(n+m-4)x* +3x°

D,Q,Jf (x,y) = x+2(n+m-4)x* +9x°

2D,Q, I (x,y) = 2x+4(n+m - 4)x* +18%’

2D,Q,J (X, ¥),,, =4(n+m-4)+20

B,[T(n,m)] = (D, + D, +2D,Q,J)[f(x, y)]

4. The second K Banhatti index
f(x,y)=xy* + (n+m-4)x’y* +3x°y’

8(n+m)+6

xyl

D, f(xy)=xy> +2(n+m-4)x*y’ +6x°y°

D, f(x,y)=2xy" +2(n+m-4)x*y* +9x’y°

(D, +D,) f(x,y) =3xy” +4(n+m—4)x*y* +15x°y’
J(D, +D,) f(x,y) =3x" +4(n+m-4)x* +15x°

Q,J(D, +D,)f(x,y) =3x+4(n+m-4)x* +15X°
D,Q,J(D, +D,)f (X, y) =3x+8(n+m—4)x" +45x°
B,[T(n,m)]=D,Q,J(D, +D,)[f(x Y)],; =8(n+m)+16

5. The first K hyper Banhatti index
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f(x,y)=xy> +(n+m-4)x’y* +3x°y*
DZf(x,y
D f(x,y
(D} +D?
(Df + D)) f(x,Y), ,, =8(n+m-4)+44

Xy +4(n+m-4)x2y* +12x°y*
= 4xy? +4(n+m—-4)x2y? +27x%y°

3

)=
)
o) f(6y) =5xy° +8(n+m-4)x*y* +39x°y
)

J(xy) =X +(n+m-4)x* +3x°

QLI (X, y) = x+(n+m-4)x* +3x°

D’Q,Jf (X, ¥) = x+4(n+m—4)x* +27x°

2D2Q,Jf (X, y) = 2x +8(n+m —4)x* +54x°
2D2QI[f(x, ¥)], =8(n+m—4)+56

D, f(x,y)=xy’ +2(n+m—4)x’y* +6x°y°

D, f(x,y) =2xy” + 2(n+m-4)x’y? +9x’y’

(D, +D,) f(x,y) =3xy? +4(n+m—4)x*y* +15x%y’
J(D, +D,) f(x,y) =3x° +4(n+m—4)x* +15x°
Q,J(D, +D,)f(x,y) =3x+4(n+m-4)x* +15x’
D,Q,J(D, +D,) f(x,y) =3x+8(n+m—4)x* +45x°
2D,Q,J(D, +D,) f(x,y) = 6x+16(n +m—4)x* +90x’
2D,Q,J(D, + D) f (X, ¥)],, =16(n+m —4) +96

HB,[T (n,m)] = (D? + D? +2D?Q,J

+2D,Q,3(D, + D, )If (X, Y)],,. =32(n-+m)+68

6. The second K hyper Banhatti index

f(x,y) =xy> +(N+m-4)x’y* +3x°y*

DZf (x,y) = xy> +4(n+m-4)x*y* +12x°y’

Dy f(x,y) = 4xy” +4(n+m—-4)x*y* + 27x*y’

(Df +Dj) f(x,y) =5xy” +8(n+m—4)x’y* +39x°y’

J(D +Df)f(x,y) =5x" +8(n+m—-4)x* +39x°

Q,J(D; + D7) f(x,y) =5x+8(n+m-4)x* +39x°

D;Q,J(D; +D;) f (x,y) = 5x+32(n+m—4)x’ +351x°
HB, [T (n,m)] = D;Q_, (D] + D))[f (X, y)],, =32(n+m)+228

7. Modified first K Banhatti index

f(x,y)=xy* +(n+m-4)x’y* +3x°y’

L f(xy)=xXy* +(n+m-4)x'y* +3x‘y*

L, (% Y) =xy* +(n+m-4)x*y* +3x*y°

(L +L)Fy) =Xy +(n+m-4)x'y? +3x'y?
+xy* +(n+m-4)xPy* +3x%y°

L +L)FY) =x*+X° +2(n+m—4)x° +3x" +3x°

QLI(L, +L)f(xy) =X +x*+2(n+m—4)x* +3x° +3x°

5 16m

S.QI(L +L)f(x, y)_—x +;x +=(n+m-4)x* +:x +2x

(n+m)—i

BT (nm)]=S5,Q,I(L +L)If (X Y] = 15
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8. Modified second K Banhatti index f(xy)=xy? +(n+m-4)x*y® +3x°y°
O y) = +(n+m-4)xy* +3¢¢y? L f(xy) =Xty +(n+m-4)xy? +3x'y?

sty L m-apey Sy L y)=' (s 'y 436

(L +L)F00y) = (Y + (n+m-4)x*y* +3x'y?)

1,1 2,2, 42,3
Syf(x,y)—gxy +E(n+m—4)x Yo +Xy F 0y +(n+m-A)2y* +3Cy°)
_3 ) 20 5,4 J(L + L) F(y) =x* +X° +2(n+m—4)x° +3x" +3x°
(SX+Sy)f(X’y)_EXy +(n+m-4)Cy +EX y QL + L) F(x,y) =x* +x* +2(n+m—4)x* +3x° +3x°
(S, +S,)F (x y):§x3+(n+mf4)x“+§x5 SXQ,ZJ(LX+Ly)f(><,y):%><z+%x3+%(n+m—4)x"+gxs+%x6
T 2

3 5 25,Q,3(L +L)f(xy)=x* +Ex3+(n+m—4)xA S
Q,ZJ(SX+Sy)f(x,y)=5x+(n+m—4)x2+5x3 3 5

H, [T (n,m)] = 25,Q 3 (L, + L) f (, Y)],.; = (n+m)—% n

3.1 5
S,Q,I(S, +S,)f (X, y) ==x+=(n+m—-4)x* +=x"
2 2 6 . . . L
1 1 Figure 5 illustrates topological indices of
BoLT (1M =5,Q,J (S, +8)[T (% V)] =5 (N+m)+ 2 T(n;m). From graphs, we see the performance
9. Harmonic K Banhatti index of the topological indices along parameter.
) 80
b gl
il
. ih
4 40
7
) 9
- 20
. ) ntm n+m
2 4 6 § 10 2 1 ] 8 10 ; ; } ; ne m4
2 1 fi 8 10
(a) Atom-bond connectivity index (b) Geometric arithmetic index (c) First K Banhtti index
500
80
300
G0 400
200
40
300
20 100
X X I?:—?F!I X X X I?.'—?J!I N X X X Iil—)ﬁl
2 1 6 8 10 2 1 6 ¥ 10 2 1 6 8 10
(d) Second K Banhtti index (e) First K hyper Banhatti index (f) Second K hyper Banhatti index
5 .
3
3t 51 6
9
& 9 [ =
11 1 2
) ) ntm ) ) ) ntm ) ) ) ntm
Y4 6 8 0 101 6 8 10 71 6 8 10
(g) Modified first K Banhatti index (h) Modified second K Banhatti index (1) Harmonic K Banhatti index

FIGURE 5 The plot of topological indices 1 T(n;m)



Degree based topological indices of tadpole ...

Conclusion

We worked out closed form of M-polynomial
for tadpole graph resulting various degree-
based topological indices as well. Topological
indices help to reduce the number of
experiments. These topological indices can
contribut to understand biological, chemical
and physical characteristics of a molecule. So,
topological a key role in
representing the chemical structure of a
molecule in a real number and is used to
express the molecule which is tested. These
results are helpful in understanding and
forecasting the physiochemical properties for
these chemical structures.

index has
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