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Algebraic polynomials play an important role in theoretical
chemistry because these can reflect the properties of the
chemical compound. M-polynomial is also an algebraic
polynomial that is used to find the expressions of several
degree dependent topological indices. These topological indices
have the ability to explore the information store in the chemical
molecule. In this work, we computed the M-polynomial and
then obtained the degree-based topological indices for the
benzene ring embedded in P-type-surface in 2D network. We
also explored the results graphically.
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Introduction topological indices but degree-based

The combination of chemistry with graph
theory is called chemical graph theory. This
interdisciplinary solves the questions that
arise in chemistry with the help of graph
theory. So, this branch has influenced both
mathematics and
represents with the graphical tools is known
as a chemical graph. The chemical graphs
that
presents insight into the molecule [15]. The

chemistry. A molecule

explore the valuable information
basic definitions about graphs are explained
in the following citations [4, 16-34].

One of the great interesting topics in
chemical graph theory is topological indices.
Topological indices are a solitary number that
describes some property of the molecular
compound and are deduced from the

chemical graph. There are many types of
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topological indices are the most important.
degree dependent topological
indices have been discovered so far with
many applications in QSAR and QSPR studies
[7, 10, 13]. For chemical graphs, we calculate
the index using a specific function [9]. But

Numerous

these are aslo obtained by using some
graphical polynomial [8]. For definitions of
some important indices see the following
citation [12].

E. Deutsch and S. Klavzar, for the graph G,
introduced the concept of M-polynomial in
2015 [6] and this polynomial is defined as:

M(G;x,y) = mkj(G)xkyj.
PY<k<jsW
Here min {d,|v €V(G)} =, max {d,|v €
V(@)} =¥ and the n(Ey,(G)) =m;(G)
where vu € E(G) with the relation {d,,,d,} =
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{k,j}. Normally topological indices are
computed by using definitions, but these are
also calculated by using the M-Polynomial of
the graph. Closed formulas of topological

11,14].

TABLE 1 Topological indices derive from M(G; x,y) = h(x,y)

1 1 1
ABCIG] = DZQ_JSZSZ[h(x, ¥)]x-1
1 1

GA[G] = 28,JD2D2[h(x,Y)]x=1

Bi[G] = (Dx+Dy+2DQ o) [h(X ¥)]xmy=1
B, [G] = DxQ—ZJZ(Dx +2Dy) [hz(x' Y)]x=1

B (Dg + Dy +2D5:Q_,]

HE, 6] +2D,Q-] (Dx + Dy)[ACE W) aeyes
HB,[G] = D2Q_,] (D2 + D2)[A(x, ¥)]x=1
MB,[G] = SxQ_2J(Ly + Ly)[h(x’ Ylx=1
mB,[G] = S2Q_2) (S + SR V)] x1

Hb [G] = ZSxQ—ZI(Lx + Ly)[h(x: Y)]x=1

The operator used to find

are defined as:

the degree
based topological indices via M-polynomial

indices [3] are given in Table 1. M-polynomial
and topological indices of various graphs
have been previously computed [1, 2, 5,

the vertices of degree 2 and 3 respectively
and brown, blue and red edges represent the

edges having degree of end vertices (2,2),
(2,3) and (3,3) respectively. In the present

Dy h(x,y) Dyh(x,y) e
9 9 work, some degree based topological indices
= X ey, = y@h(x, ), shown in Table 1 are computed by using the
Sch(ey) = [y 22 dr, $,hoy) = 7 *G2ar,  M-polynomialforthe Bh, g
L) =hG29), L@ =hEF) O3 O OO0 O-0-G-00
Jh(y) =h(xx),  Qeh(rny) =x“h(xy), N /) - Q- Q-0 OO0
| |
: d /) - CFQ—CFQ—O - OO
DZh(x,y) = |x=—h(x,y) - Jh(x.Y), ) e i | l
& GO OO0 OO
\ \

1 0
DSh(x,y) = ’y@ h(x,y) -V h(x, y),

SZh(x,y) = f @dt Jr(x,y),

0

y
1 X, t
th(x,y) = fg(t )dt
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FIGURE 1 Benzene Ring Embedded in P-Type

Surface in 2D Network BP, 4

TABLE 2 Vertex partition of BP, 4

Benzene ring embedded in P-type surface d, 2 Total

in 2D network vertices
Number

Figure 1 shows the structure of benzene ring of 4(2pq+9+q) 4(4pq-p-q) 24pq

embedded in P-type surface in 2D network

vertices

(BPy4), in which green and red dot represent
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TABLE 3 Edge partition of BP, 11 4 16
. = 2(p + @)x* + —=pqx
JS2S2h(x,y) ®+a) Nal

(dy,, dy) Number of edges 5
(2,2) 4(p + q) +3 (8pq —3p = 3q)x°,
11 16
23 16pq Q-2JS2S2h(x,y) = 2+ @x* + =pax’
(3.3) 2(8pq —3p —3q) 2 ,
Total 2(16pg — 2p — 2q) +§(8pq —3p = 3q)x",
1 11
D2Q_,JS2S2h(x. = 2V2(p + q)x* + 8V2pgx®
M-polynomial and topological indices of x ey 4
benzene ring embedded in P-type surface +5(8pq —3p - 3q)x*,
in 2D network 1 11
ABCIBRyql = DZQ_yJS2S2IA(x, Y-,
Th 3.1LetBP,,beab [ 24v2 + 32
eorem : et BP, ; be a. enzene ring V2 pq + (22
embedded in P-type surface in 2D network 3
then M-polynomial of BB, ; [35] is N ; 4§(p
q)-

M[BPp’q;x, y| = 4(p + @)x?y? + 16pqx?y® +

|

2(8pq — 3p — 3x°y>. '/
Theorem 3.2 Let BF, , represents a benzene N - --I S

: )
ring embedded in P_t.ype Surface in 2D netWOrk (a) 3D pl;d»iﬂ(_‘l_};f',,; (b) Plot of ABC(BFp,4) (c) Plot of ABC(BP44)
and M[BP, ¢4 x,y] =4(p + Qx%y? +
16pax2v3 + 2(8pg — 3p — 30)x3v3. Then FIGURE 2 Graphs of atom-bond connectivity
pax’y (8pq 24\/;.32 DX’y index of BP, 4
1. ABC[BP, ] =="—pq+(2V2 -
H(p + q). The geometric arithmetic index
3216480
2. GA[BPp'q] = P pq — 2(p + CI) % ~ 4\/2(p + q)x2y2
3. By[BP,q] =400pq —52(p + q). Dyh(x,y) +16V3pgx?y?
4. By[BB,,] = 624pq — 112(p + q). +2v3(8pq — 3p
5. HB,[BP,,] = 2544pq — 460(p + q). —3q)x%y?,
8(p + )x*y?
6.  HB,[BP,4] = 6480pq — 1600(p + q). D%Déh(x' » = P+ q)x -
7 mp rgp. 1 = 10% 2 X7y +16V6pqx’y
. 1[ p,q] _qu +;(p+Q)- +6(8pq—3p
8.  ™B,[BP, 4] = %pq +(+ Q. = 3q)x%y?,
1 1
9. Hy[BPg] =2 Zql+>(p +q). JD2D2h(x,y) = B8(+@)x*+16Vepqx®
Proof. Let M[BP, 4; x,y] = g(x,¥) +6(8pq — 3p — 3q)x°,
11 16V6
The atom-bond connectivity index Sx]D,?Dyzh(x, y) = 2+ qQxt+ T‘/_pqxs
Y o+ )ty +(8pq — 3p — 3q)x°,
1 N 11 _ 32v6
Syhxy) = 16 25,JD;Dh(x,y) = 4P+ @x* +——pgx®
+-—=pgx
B +2(8pq — 3p - 3)x°,
1 1
+ﬁ (8pq - Sp - 3Q)x3y3, GA[BPp'q] = ZSx]DzDg[h(x, y)]x:1;
11 16 32v/6 + 80
S2S2h(x,y) = 2P+ @x*y’+ ﬁpqxzf = ‘/_qu —2(p+9).

2
+3(8pq —3p — 3q)x%y?,
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(=) 3D plot of GA(BFp,q)

(b) Plot of GA(BFy,4) (c) Plot of GA(BPyy)

FIGURE 3 Graphs of GA index of B, ,

The first K Banhatti index

Deh(x,y) = 8(p+q@)x*y® +32pqx*y?
+6(8pq — 3p — 3q)x°y?,
Dyh(x,y) = 8(p+q)x*y*+48pqx*y*
+6(8pq — 3p — 3q)x*y?,
(D, _ 16(p + q@)x*y?
+ Dy)h(x,y) ~ 4+ 80pgx?y?
+12(8pq — 3p — 39)x*y?,
Jh(x,y) = 4(p+q@)x* + 16pqx®
+2(8pq — 3p — 3q)x°,
Q_zJh(x,y) = 4(+q@x*+ 16pqx®

+2(8pq — 3p — 3q)x*,
8(p + q)x? + 48pqx®
+8(8pq — 3p — 3q)x*,
16(p + q)x? + 96pqx3
+16(8pq — 3p — 3q)x*,

DxQ—Z]h(xﬁy) =

2DQ_xJh(x,y) =

(Dx + Dy + = 32(p+ q)x?* + 176pqx3

2D,Q_2))h(x,y)

+28(8pq — 3p — 3q)x",

(Dy + Dy,

+ ZDxQ—ZJ)[h(x' y)]x:y:ll
400pq — 52(p + q).

Bi[BP,,] =

B:1[BP, 4]

,
() 3D plot of By(BF4)

(b) Plot of B, (BFy 1) (€) Plot of By(BP,q)

FIGURE 4 Graphs of first K Banhatti index of
BP,,

The second K Banhatti index
J(Dy + Dy)h(x,y) 16(p + q)x* + 80pgx®
+12(8pq — 3p — 3q)x°,

Q-] (Dy
16(p + q)x? + 80pgx3
+D,)h(x,y) »+q pq
+12(8pq — 3p — 3q)x*,
D, Q_2] (Dy

32(p + q)x?% + 240pgx3
+D,)h(x,y) r+q pq

B,[BF, 4]

S. Hussain et al.

+48(8pq — 3p — 3q)x*,
D,Q-2] (Dy

+ Dy)[h(x, y)]x=1,
624pq — 112(p + q).

(a) 3D plot of Ba(BPFy,g)

(b) Plot of Bx(BF; 1)

(c) Plot of Ba(BPy4)

FIGURE 5 Graphs of second K Banhatti index

of BP,,

The first K hyper Banhatti index

DZh(x,y)

DS h(x,y)

(DZ + DYh(x,y)

(D%
+ DA, Y)rmye1
D2Q_Jh(x,y)

2D7Q->Jh(x,y)
2DZQ-2Jh(%, ¥)x=1
2D, Q2] (D

+ Dy)h(x,y)
2D, Q2] (D

+ Dy) [h(x: Y)]le

HB,[BP,,]

HB;[BB, 4]

16(p + @)x*y*
+ 64pgx?y3
+18(8pq — 3p
= 3q)x%y?,
16(p + @)x*y*
+ 144pqx?y?
+18(8pq — 3p
= 3q)x%y?,
32(p + @)x*y?
+ 208pgx?y3
+36(8pq — 3p
= 3q)x%y?,
496pq — 76(p + q),

16(p + q)x? + 144pqx3
+32(8pq — 3p — 3q)x",
32(p + q)x? + 288pqx?
+64(8pq — 3p — 3q)x",
800pq — 160(p + q),

64(p + qQ)x? + 480pqx3
+96(8pq — 3p — 3q)x*,
1248pq — 224(p + q),

(D% + Dj 4+ 2DZQ_,]
+2D,Q_,

J(Dx +
Dy)[h(x,¥)]x=y=1,
2544pq — 460(p + q).



Theoretical study of benzene ring embedded in ...

-

() 3D plot of H By (BPp4)

(b) Plot of HBy(BPy4) () Plot of HB,(BP, )

FIGURE 6 Graphs of first K hyper Banhatti

index of BP, 4

The second K hyper Banhatti index

J(DF + DPh(x, y)

Q-2J (D%
+ DY)h(x,y)

DZQ-,J (D%
+ D))h(x,y)

HB,[BP, 4]

|

32(p + q)x*

+ 208pqx®

+36(8pq — 3p — 3¢)x®,
32(p + q)x?

+ 208pgx3

+36(8pq — 3p — 3¢)x*,
128(p + q)x?

+ 1872pgx3

+576(8pg — 3p
—3q)x*,

DZQ_,J (D3

+ DY)[R(x, Y)]x=1,

6480 — 1600(p + q).

"

() 3D plot of H Ba(BF,4)

(b) Plot of HB3(BFp4)

(€) Plot of HB3(BPyq)

FIGURE 7 Graphs of second K hyper Banhatti

index ofBPp,q

Modified first K Banhatti index

Lxh(x,)

Lyh(x, y)

(Lx + Ly)h(x, y)

J(Lx
+Ly)h(xy)

Q-2/ (L
+ Ly)h(xv y)

4(p + @)x*y* + 16pgx*y?
+2(8pq — 3p — 3q)x°y?,
4(p + @)x*y* + 16pgx>y°
+2(8pq — 3p — 3q)x>y®,
4(p + @ (x*y? + x%y*)
+16pq(x*y® + x2y°)
+2(8pq — 3p — 3q) (x°y?

+ x3y°),
8(p + q)x® + 16pq(x”’

+ x8)
+4(8pq — 3p — 3q)x°,
8(p + q)x* + 16pq(x®

+ x%)
+4(8pq — 3p — 3q)x’,
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2(p+ q)x* + L6pq (<
x6
+2)
4
+(8pq —3p - 3q)x7,

Sx Q—Z](Lx
+ L) [R(x Y)]x=1,

1096 +2 N
Tos P4 7(29 Q).

(a) 3D plot of ™B; (BFyq)

(b) Plot of ™ B, (BPp4) (€) Plot of ™ By (BP. )

FIGURE 8 Graphs of modified first K Banhatti

index of BP, 4

Modified second K Banhatti index

Sxh(x,y)

Syh(x,y)

(Sx +Sy)h(x, y)

J(Sx +Sy)h(x, y)

Q-2J (S«
+8,)h(x,y)

SxQ—Z](Sx
+Sy)h(x, y)

"B, [BPFy 4]

"B,[BB, 4]

2(p + q)x*y?
+ 2pqx?y?

2
+§(8pq —3p

- 3q)x%y?,
2(p + @)x*y*?
16

+= 2.3
3pqu

2
+§(8pq —3p
- 3q)x%y?,

4(p + q)x*y?

40
+ 5 pax’y’

4
+§(8pq -3p
- 3q)x%y?,

40
4(p + q)x* + ?pqxs,

4
+5(8pq —3p - 3q)x°

40
4(p + @)x* + ?pqx3
4
+5(8pq —3p - 3q)x*,
40
2(p + @x* + gpqx3

1
+§(8pq —3p —3q)x*,

SxQ-2J (Sx
+ S [RC6 Y)]x=1,

64
S Pat »+ 9.
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(a) 3D plot of ™Bs(BPFp,q)

(b) Plot of ™Ba(BPp4) (¢) Plot of ™ By(BP4 q)

FIGURE 9 Graphs of modified second K
Banhatti index of B, ,

Harmonic K Banhatti index

4 x5
4(p + @)x* + 32pq(g

25,Q_5] (Ly -
+ Ly)h(x,y) + x_6)
6
8 7
+= (8pq — 3p — 3q)x”,
25,Q_,J(Ly
H,[BP,,] = %
b[BFyql + L[ Y)]x=1,

2192 4

= qu +§(P+Q)-

o

() 3D plot of H By(BF4)

(b) Plot of HB,(BPy,4) (¢) Plot of HBy(BPygq)

Figure 10 Graphs of Harmonic K Banhatti
index of BP, 4

Conclusion

M(BP, 4;x,y) and some degree dependent
topological indices were computed in the
present article. These indices have valuable
information for the benzene ring embedded
in P-type surface in 2D network and are the
best predictor about the physical, chemical
and biological behavior of the chemical
molecule.

Results obtained were also

presented graphically.
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