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Abstract: Tube structure is one of the basic structures of nanomaterials. Studying the chemical properties of nanotubes from a theoreti-
cal perspective can provide a theoretical basis for material synthesis and design. In this paper, by means of chemical molecular structure
modeling and graph theory, our purpose is to calculate degree based topological indices of line graph of H-Pantancenic Nanotubes. We
compute the M-polynomial of line graph of H-Pantancenic Nanotubes and recover nine degree-based topological indices from it. The the-
oretical calculation results obtained have potential reference value in practical engineering applications of materials science and nano-
science.
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1 Preliminary Knowledge

Chemical graph theory is a branch of graph theory in which a chemical compound is represented by a simple
graph called molecular graph in which vertices are atoms of compound and edges are the atomic bounds. A graph is
connected if there is atleast one connection between its vertices. Throughout this paper we take G as a connected
graph. If a graph does not contain any loop or multiple edges then it is called a network. Between two vertices u
and v, the distance is the shortest path between them and is denoted by d(u,v) =d,(u,v) in graph G. For a ver-

tex v of G the “degree” d, is the number of vertices attached with it. The edge connecting the vertices u and v will
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be denoted by uv. The degree and valence in chemistry are closely related to each other. We refer to the book'" for
more details. Another emerging field is Cheminformatics, which helps to predict biological activities with the rela-

tionship of Structure-property and quantitative structure-activity. Topological indices and Physico-chemical proper-

ties are used in the prediction of bioactivity if underlined compounds are used in these studies'” ™.

The number that describe the topology of a graph is called topological index. In 1947, the first and most stud-

ied topological index was introduced by Weiner'*'.

The M-polynomial of the graph G isgenerally defined as'
M(G,x,y) = Y m(G)x'y. (1)

<i<i<a

Where § =Min {d,lve V(G)|,A =Max{d, lve VJ(G) {,and m;(G) is the edge vu € E(G) such that
{d,, d,}={i, j}

Topological indices are graph invariants and presently play important role in the field of mathematical chemis-
try, so many useful topological indices have been introduced. In 1975, Milan Randic introduced the Randic
index'®’ | which is defined as

R—I/Z(G) = L

u e%( (;m ’

The generalized Randic index was introduced by Bollobas and Erdos'”’ and Amic et al. "' while working in

1998. The general Randic index is defined as
R (6)= % (dd),

weE(G)

The inverse Randic index is defined as

1
R (dod)"

uv

RR.(G) =

The modify Randic and sum connectivity index are defined as

1
uv e% ¢)Max { du ’ dv } ’

The first Zagreb index M, (G) and second Zagreb index M, (G) are proposed by Gutman and Trinajstic’ which
are M (G) = Y )(du +d,) and M,(G) = g‘(w(d” xd,). Thesecond modified Zagreb index is defined as® ™" ;

wek(G
1

R'(G) =

mMz( C) =

The augmented Zagreb index is

dd, 7
A(G) _1/HE%'(G){m} '

The Symmetric division index is

in(d,,d d,,d
SDD(G) = vzm{“““( ody) | max(d,, >}

+—
max(d,,d,) min(d,,d,
Harmonic index is another variant form of randic index:

s 2
HUEE(G)du + dv )

H(G) =
The Inverse-sum index is

[( G) _ 2 dudv
_quE(C)du +dl ’

For more details about degree based topological indices please see " ™"’
Some well-known degree-based topological indices are closely related to the M-polynomial®'; in Table 1 you

can see such relations.
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Tab. 1 Derivation of some degree-based topological indices from M-polynomial

Topological Tndex Derivation from M(G; x, y)
First Zagreb M,( G) (D, +D)Y(M(G3x,y)) -y
Second Zagreb M,( G) (DD )Y(M(G5x,5) ) oy
Second Modified Zagreb "M, (G) (8,8, )(M(GC32,5) ) =ymy
Inverse Randic RR,(G) (DEDYY(M(G32,y) ) ooy oy
General Randic R, (G) CSESTYM(G5x,5) ) 2y
Symmetric Division Index SDD( G) (DS, +S.D)YM(Gsx,y) ) _yoy
Harmonic Index H( G) 28 J(M(G3x,y) ) ooy
Inverse sum Index I( G) S JD.D,(M(G52,)) .
Augmented Zagreb Index A(G) 820 ,JD°D 3 (M(Gix,y)), 2,
Here
D =x I(f(x,y) ’
0x
D, =y o(f(x.y)
a9y

x

S = jxf(t’L)dt
t ’

0

_ [ f(x,0)
S, _fo e,

J(f(x,y)) =f(x,x),
Q. (f(x,y)) =x"f(x,y).
Lemma 1 Let G be a graph of order p and size g. Then the line graph L(G) of G is a graph of order p and
size %MI(G) -q.

In this report we compute some degree based topological indices of line graph of H-Pantacenic nanotube. The
graph of H-Pantacenic nanotube are given in figure 1, and the line graph of H-Pantacenic nanotube is given in

figure 2.
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Fig.1 The H-Pantacenic nanotube K|[p,q] Fig.2 Theline graph of H-Pantacenic nanotube K|[p,q]
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In this paper, we calculate M-polynomial of the Line Graphs of H-Pantacenic Nanotubes. From this M-polyno-
mial we recover many degree based topological indices of the Line Graphs of H-Pantacenic and V-Pantacenic Nano-

tubes.
2 Computational Results

Theorem 1 Let G=L(K[p,q]) be a line graph of H-Pantacenic nanotube. Then
M(G,x,y) =45’y +8qx’y" +66pgx’y* —20gx*y".
Proof The line graph of H-Pantancenic Nanotubes is shown in figure 2. It can be observed from the figure 2
and lemma 1 that
[V(6) | =33pg -2q,
|E(G) | =66pg -84.
We can divide the edge set of the line graph of H-Pantacenic Nanotube into the following three classes depen-
ding on the degree of end vertices of each edge:
E3(G) ={e=wek(G);d, =2,d, =3},
E4,(G) ={e=wek(G);d, =3,d, =4},
and
E(,(G)={e=wek(G);d, =4,d, =4}
Now
|E25(6) | =4q,
|E5.4,(6) [ =8¢,
|E t4.41(G) | =66pg ~20q.
From the definition of M-polynomial, we have

M(G,x,y) = ml.jxiyf

d<isj<A

2 3 3 4 4 4
= X muxy + X myxy + )y Myxy
wek 7 346) wek g3 4+46) wek g44+46)

E{z,s}(G) ‘xzyz + E{3,4}( G) \x3y4 + ‘E{4,4}(G) ‘x4y4
=4qx’y’ +8¢x’y* + (66pg —20¢) x*y".

Corollary 1 For the line graph of H-Pantacenic G, the first Zagreb index is
M, (G) =528pq - 84q.
Proof Let
flx,y) =M(G,x,y) =4gx°y’ +8qx’y" +66pgx*y* —20gx"y*.
Then
D (f(x,y)) =8qx"y" +24qx’y" +264pqx"y" - 80gx"y",
D (f(x,y)) = 12gx°y" +32¢x’y* +264pgx’y* —80gx*y".
From the M-polynomial (theorem 1) and table 1
M,(6) = (D, +D,) (fx,)..
= (20gx”y" +564x°y* +528pgx’y* —160gx*y")
=528pq —84q.
Corollary 2 For the line graph of H-Pantacenic G, the second Zagreb index is
M,(G) =1056pg —200q.

x=y=1

Proof Here
D.D (f(x,y)) = 24’y +96gx’y* +1 056pgx’y* —320gx"y".
From the M-polynomial (theorem 1) and table 1
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My(G) =(D.D,) (f(x,5)) ==
= (24gx°y’ +96¢x’y* +1056pgx*y* —320gx"y")
=244 +964q +1 056pq —320¢q
=1 056pq —200q.
Corollary 3 For the line graph of H-Pantacenic G, the second modified Zagreb index is

" 165 19
M,(G) =g P44

x=y=1

4 33
Proof S, (flx,y)) = §qx2y3 +2¢0°y" + gyt = 5eay,

2 2 33 5
S"S} (f(x J) ) = ?q%zyg + ?qx’syzt + gpqx4y4 _ Z9649/4‘

From the M-polynomial (theorem 1) and table 1

"My(G)=(S,S,) (fx,y))

2 .2 3B 5
"3T9y

x=y=1

165 19

Corollary 4 For the line graph of H-Pantacenic G, the inverse Randic index is
RR,(G) =4 x3% x2% +8 x4“ x3%q +66 x4 x4%pg —20 x4* x4“q.
Proof Here
D, (f(x,y)) = (4 x3% g2 ¥’ +8 x4 g’ y* +66 x4 pgx* y* =20 x4% gx* y*).
DD, *(f(x,y)) = (4 x3*x2%’ y* +8 x4% x3% x3qx’ y* +66 x4°
x 4% pgx* vt =20 x4 x4* gx* ).
From the M-polynomial (theorem 1) and table 1
RR,(G) = (DD%) (f(x)) |,
= (4 x3°x2%2"y’ +8 x4° x3%x’y" +66 x4% x4°pgx’yt —20 x4 x4’y
=4 x3% x2% +8 x4" x3% +66 x4% x4%pq —20 x4* x4%.
Corollary 5 For the line graph of H-Pantacenic G, the general Randic index is
4q N 8¢q +66pq _ ZOq.
2°3% 374" 4%4%  4°4"
4qx2 y3 . 8qx3 y4 +66pqx4 y4 _2qu4 y4)
3a 4 4o 4¢ ,
4qx2 y3 N 8qx3 y4 +66pqx4 y4 _20qx4 y4)
2% 3¢ 34 4% 4« 4% 4«
From the M-polynomial (theorem 1) and table 1
R.(G) =(S:S7) (f(x,0)) |-y

_ (4qx2y3 N 8qx3y4 +66pqx4y4 _20qx4y4)
x=y=1

R.(G) =

Proof 8, (flxp)) =

S8, (f(x,y)) =(

2(13(1 3(14(1 4(14(1 4(14(1
44 N 8q +66pq _ 20q
2(13(1 3(14(1 4(14(1 4(14(1'

Corollary 6 For the line graph of H-Pantacenic G, the symmeltric division index is

SDD(G) = —4?411 +132pq.

Proof DS (f(x,y)) = %qx2y3 +6gx’y* +66pgx’yt —20gx"y".
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DS, (f(x,y)) =6gx’y" + 33*2qu4 +66pgx’y* —20gx"y".

From the M-polynomial (theorem 1) and table 1
SDD(6G) =(D,S, +5.D,)(f(x,y))

x=y=1

= 2?T6qx2y3 + 5?)f0qx3y4+ 132pqx4y4— 4()(19043/4 )

:23£q +53£q +132pq —40q

44
=132pq - 3

Corollary 7 For the line graph of H-Pantacenic G, the harmonic index is

x=y=1

H(G)=-8lq +3szq.
Proof J(f(x,y)) =4qx’ +8gx" + 66pgx’ - 20¢x".

8 16 - 33 5
28, J(f(x,¥)) =§qx5+ 7 '+ e = g

From the M-polynomial (theorem 1) and table 1
H(G) =25](f(x,y))

x =1

ix5+Ex7+£ xg—ixg
(5q S+ 2(1)“l

8 16 33 5
59779747

33
= -8lg + 5 P4

Corollary 8 For the line graph of H-Pantacenic G, the Inverse sum-index is
I(G) = -=752q +13pg.
Proof JD.D,(f(x,y)) =24qx" +96gx’ +1 056pgx® —320gx",

. 24 5 96 1056 320
SID.D,(flx,y)) =T+ qx" + == pax” == 7qx’.

From the M-polynomial (theorem 1) and table 1
1(G) =S.JD.D,(f(x,y))

(B 96,0, 1056, 0 320,

x=y=1

x=1

_ 24

6
5q+ 7q+132pq—40q

= =752q +13pq.
Corollary 9 For the line graph of H-Pantacenic G, the augmented index is

11264 798 752
9 P17 3375 ¢

A(G) =
Proof
D, D, (f(x,y)) =2 x3 x4qx’ y* +3 x4 x8qx’ y* +4 x4 x66pgr* y* =4 x4 x20qx" y*,
D} D} (f(x,y))
ID} DY (f(x,y)) =2° x3% xdgx” + 3’ x4° x8qx” +4° x4’ x66pgr” — 4° x4’ x20¢2"
Q_, JD} D} (f(x,y)) =2° x3% xdgx’ + 3’ x4° x8gx” + 4 x4’ x66pgx” —4” x4° x20q2°

2° %3’ xdgr’ v’ + 37 x4’ x8gx’ vt +4° x4 x66pgx’ vt -4 x4 x20qx" y*,
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[7]

2 x3 x4 5 37 x4’x8 5 4 x4*x66 ¢ 47 x4*x20
33 qx + 53 qx + 6 Pax — qu .

S} Q_LIDI D (f(x,y)) =

Now from the M-polynomial and table 1, we have
ACG) =8, Q_, JD; D) (f(x,0)) |, -,
2P x3 x4 5 3 x4’x8 5 4 x4’x66 47 x4’ x20
+ D — g )

33 qx 53 q 6° Pgx 6°

11264 798 752
T 9 P 3375 ¢

x =1
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