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Abstract

The M-polynomial is important in deriving degree-based topological indices which
predict different chemical and physical characteristics of the material. This article computes
degree-based topological indices of polytetrafluoroethylene and provides a graphical
representation of these indices and the M—polynomial.
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1. Introduction

This paper examines a simple connected graph. The degree of a vertex is the
number of edges connecting it to it [3]. It is represented by d,,. The physical and
chemical characteristics of substances are identified using chemical graph theory.
We begin by investigating the M- polynomial [5, 7, 8], which is useful in
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determining the degree-based topological indices of graphs. The M-polynomial
of graph G is M(G;a,b) = Yscicj<n Mij(G)a'b’, where my; is the total
number of edges uv, vertex u having degree i and vertex v having degree j
and § denotes minimum degree of the graph and A denotes maximum degree of
the graph. Topological indices [2, 5] are mathematical concepts that represent the
structure of molecules as graphs. The vertices of these graphs correspond to the
atoms, while the edges reflect the bonds between these atoms. Topological
indices serve as a valuable instrument in QSAR and QSPR investigations. We
take the chemical compound polytetrafluoroethylene (PTFE) [6]. For instance,
[1] explored the topological indices of H-Naphthalenic nanotubes, highlighting
their utility in characterizing the structure and potential applications of these
advanced materials.A significant advancement in this area was made in [4], where
the authors derived a closed form for the M-polynomial of PETAA dendrimers.
PTFE [CF, — CF,], hasthe same chemical structure as polyethylene, except that
the hydrogen atoms have been completely replaced by fluorine. We determine
many degree-based topological indices for PTFE utilizing the M-polynomial,
show a graphical depiction of these indices, and compare the values of the
degree-based topological indices for (CF,), (CF,),, (CF,)3, (CF,)4, (CF,)s.

2. M-polynomial of (CF),),
Theorem 2.1: If G be a (CF,), graphthen M-polynomial of G is
M[G; a,b] = 4ab® + (2n — 4)ab* + 2a3b* + (n — 3)a*bh*,n > 3.

Uy uo, us Un

Un+1 Un+2 Up 43 Uon

Figure 1
Polytetrafluoroethylene graph

Let G = (CF,), be a graph. The given figure 1 depicts the degree of the
points. dg(v,) = dg(vn) = 3;dg(v2) = dg(v3) = - = dg(Vp-1) = 45 dg(us)
=ds(uy) = =dg(Upsq) = -+ = dg(uyn) = 1. Edge partition of G are

Ei; = {uwweaG:d,=1,d,=3}
Ei, ={uweG:d, =1,d,=4}
Ez, = {uveG:d, =3,d, =4}
Ey, {fuveG:d, =4,d, =4}
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myz = |Eyj3| =4

my, = |Eju|l =2n—4
Mz = |Ezy| =2

Myy = |Egal =n—3

3D Plot of M[G; X, ylforn=5 x10°
«10°
10 -

M[G; X, y]

M[G;a,b] = Yscicjen mi;(G)a'b’
= Yi<isj<a My;(G)a'b’
= Yi<3 My3ab® + X1y mygab* + Y3y ma,a®b* + Yyoy myya*b*
M[G;a,b = 4ab®+ (2n — 4)ab* + 2a®b* + (n — 3)a*h*,n = 3
(1)

3. Topological indices of (CF3),

We compute several topological invariants using the M-polynomial derived
in the preceding section of (CF,),. The calculation of degree-based topological
indices presented in Table 1 in [7].

Theorem 3.1: If G = (CF,),, graph and
M[G; a,b] = 4ab® + (2n — 4)ab* + 2a®b* + (n — 3)a*bh*,n = 3
then
(1) M,[G] = 18n — 14.
) M,[G] = 24n — 28.
3)  ™M,[G] =T
(4) R,[G] = 4.3% +4%(2n — 4) + 2. (12)% + 4%a(n — 3)4.
(5) RRa[G] — ?;ia + 2n—4 2 n-3

g a2y
6) HIG = 3L¥147n ¢
6) H[G] =2
% SSD[G]=33+653n
27 . 43 2.(12)3  4%(n-3)
®) AlG]=Z+5@n—4) + =5+
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) 1G] = %
(10) ABC[G] = 225 | #/3n-8V3+/n-3/6
V3 4
= 110V3-217+91n
(11) GA[G] = =

(12) B,[G] = 42n — 38.

(13) B,[G] = 78n — 102.

(14) HB,[G] = 330n — 417.
(15) HB,[G] = 1458n — 2658.

_ 11(n-2) , 101

(16)  ™By[G] =

14 36
(17)  ™B,[G] = 185;—055n.

_ 69n-152

(18) Hy[G] = =

Proof: Here we consider
M[G; a,b] = h(a,b) = 4ab® + (2n — 4)ab* + 2ab* + (n — 3)a*b*,n = 3,

(1) The first Zagreb index
Dyh(a,b) = 4ab® + (2n — 4)ab* + 6a3b* + 4(n — 3)a*b*,
Dyh(a,b) = 12ab® + 4(2n — 4)ab* + 8a®b* + 4(n3)a*b*,
(D, + Dp)[h(a,b)] = 16ab® + 5(2n — 4)ab* + 14a3b® + 8(n — 3)a*b?,
M,[G] = (Dq + Dp)[h(a, D)]g=p=1 = 18n — 14.
(2) The second Zagreb index
DyDyh(a,b) = 12ab® + 4(2n — 4)ab* + 24a®b* + 16(n — 3)a*b*,
M,[G] = (DaDp)[h(a, b)]q=p=1 = 24n — 28.
(3) The modified second Zagreb index
Syh(a,b) = Sab® + 2 abt +2a3b* + 2 atb?,
S,Syh(a,b) =2ab® + 22 ap* + 2 a3p* + 2 g4
3 4 12 16
27n+15

"My [G] = (SaSp)[A(@, D)acpoy = T,

(4) The general Randic index
Dfh(a,b) = 4.3%ab® + a*(2n — 4)ab* + 2.4%a3b* + 4%(n — 3)a*b*,
DZDfh(a,b) = 4.3%ab® + 4%(2n — 4)ab* + 2.12%ab* + 42%(n — 3)a*b*,
MM,[G] = (DEDEYR(Q, b)gepey = 4.3% + 4% (2n — 4) + 2.12% + 42¢(n — 3).
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(5) The Inverse Randic index
Sgh(a,b) = zab® +Z2ab* + ia3b4 + 22 a4t

4_(1
a3b* + n-3 a*bh*
1205
4 2n-4 2 n-3

RR,[G] = (SgSp)[h(a, b)la=p=1 = 3z +

3a yxes 12¢ g2a’

S&SFh(a,b) = 3—aab3 +2

(6) The harmonic index
Jh(a,b) = 4a*+ (2n—4)a® + 2a” + (n — 3)a®,

SJh(ab) = a*+7 a5 +2a7 +2af,

25,Jh(a,b) = 2a* +@as i =

H[G] = 2S,J[h(a,b)] =

31+147n

(7) The symmetric division index
DeSyh(a,b) = ab® + ==

ab* += a3b4 + (n— 3)a*b?,

SaDph(a,b) = 12ab® + 4(2n - 4)ab4 + §a3b4 + (n—3)a*b?,
33+53n

SSD [G] = (DaSb + San)[h(ar b)]a:b:l = 6

(8) The augmented index
Dih(a,b) = 4.3%ab® + 43(2n — 4)ab* + 2.43a3b* + 43(n — 3)a*b*,
DED3h(a,b) = 4.3%ab® + 43(2n — 4)ab* + 2.123ab* + 4%a*b*,
JDED3h(a,b) = 4.3%a* +43(2n — 4)a® + 2.123a” + 4%a8,
Q-»JDiDph(a,b) = 4.3%°a* + 4°(2n — 4)a® + 2.12%a® + 4%a°,

3 3 _ 3 6/
S3Q-2/DID3h(a,b) = 5a? + T8 g3 4 B g5 + 0 ge,

3 63

A[G] = S3QayDEDR[A(a b)]acpoy = 22

23

2.123 46
6_3'

33 (2n—4) + =

(9) The inverse sum index
D,D,)h(a,b) = 12a* +4(2n — 4)a® + 24a” + 16(n — 3)a?,
a™b
SafDaDy)h(a,b) = 3a* + = a5 + 247 + 2(n - 3)a’,
a”b 5

126n 97

1[6] = S.JD.Dp)[h(a, b)] =2

(10) The atom-bond connectivity index
Sa"*8)*h(a,b) = —=ab®+ (n—2)ab* + =ab* + ”T*a‘*b‘*,

JS2?Sy%h(a, b) = —a +(n—2)a’ + + 1248,

\/_a
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Q(=2)J5.%S}*h(a,b) = =a? + (n—2)a® +\/_a + 2345,

V3
4Nz V5 5, V6(n-3) ¢
+ s

DY*Q(=2)15y*5,*h(a b) = E2a> +3(n - 2)a® +ﬁa
D2Q( = 2)JS2/* S (@, ) azpers
42+V5 | 4/3n-8v3+/6n-3v6
V3 4

ABC[G]

(11) The geometric arithmetic index
Dy*D}*h(a,b) = 4.v/3ab? + 2.(2n — 4)ab* + 4.v/3a3b* + 4(n — 3)a*b*,
JDY*D}*h(a,b) = 4.43a* +2.(2n — 4)a® + 4.v3a” + 4(n — 3)a?,
S/ D’ Dy?h(a,b) = V3a* +%(2n — 4)a® + 22 M o +"2a8,
25,JD,/°D}/*h(a,b) = 2.v3a* +%(2n — 4)a° + 22 SW a’ + (n - 3)a®,

GA[G] = 25dD§“D§“[h(a, b)lazbzp

110v3-217+91n
35 ’

(12) The first K Banhatti index
(D, + Dy)h(a,b) = 18n — 14,
2D,Q(=2)Jh(a,b) = 16a% + 6(2n — 4)a® + 20a® + 12(n — 3)a®,
B,[G] = 2D,Q(=2)Jh(a,b)q=1,
= 42n — 38.

(13) The second K Banhatti index
J(Dgq + Dy)h(a,b) = 16a*+502n —4)a® + 14a” + 8(n — 3)a?,
DaQ(—2)](Dgq + Dyh(a,b) = 32a% + 15(2n — 4)a® + 70a® + 48(n — 3)a’,
B,[G] = DaQ(=2)/(Dq + Dp)[h(a, b)]g=1,
= 78n —102.

(14) The first K hyper Banhatti index
(D2 + DF)h(a,b) = 40ab® + 17(2n — 4)ab* + 50a3b* + 32(n — 3)a*h*,
2D2Q(—2)Jh(a,b) = 32a* + 18(2n — 4)a® + 100a® + 72(n — 3)a®,
2D,Q(—2)J(Dgq + Dp)h(a,b) = 64a? +30(2n — 4)a® + 140a® + 96(n — 3)a®,
HB,[G] = (DZ + DF + 2D2Q, — 2)] +2D,0(~2)] (D + Dy))[h(a, b)),
= 330n — 417.

(15) The second K hyper Banhatti index
J(DZ + D3)h(a,b) = 40a* + 17(2n — 4)a® + 50a’ + 32(n — 3)a®,
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Q(—2)J(D% + D})h(a,b) = 40a? + 17(2n — 4)a® + 50a° + 32(n — 3)a’,
D{Q(—2)J(DZ + Dp)h(a, b)
= 160a? + 153(2n — 4)a® + 1250a° + 1152(n — 3)a®,
HB,[G] = DZQ(—=2)](D& + Di)[h(a,b)]a=1,
= 1458n — 2658.

(16) Modified first K Banhatti index
Loh(a,b) = 4a?b® + (2n — 4)a?b* + 2a®bh* + (n — 3)a®h?,
Lyh(a,b) = 4ab®+ (2n — 4)ab® + 2ab® + (n — 3)a*h’,

J(Lg + Ly)h(a,b) = 4a® + (2n —4)a® + 2a'0 + 4a” + 2n — 4)a® + 2a*1 + 2(n
—3)al2,

Q(=2)J(Lq + Lp)h(a,b)
= 4a® + (2n—4)a* + 4a° + 2n— 4)a” + 2a® + 2a°
+ 2(n —3)a'o,

2n—-4 4

$aQ(=2)J (La + Ly)h(a,b) = Za® +2a* +2a° + Z2a7 + = a®
+2q° +"—3a10,
9 5
"By1[G] = SaQ(=2)](La + Lp)[h(a, b)] =1,

11(n-2) , 101
= +—.
14 36

(17) Modified second K Banhatti index
S +Sph(a,b) = Tab® + 22 ab* + 1aPp* + Z2atpt,
( a b 4 2

J(Sa + Sph(ab) = Tat+2C2a5 +1q +”T‘3a8,
5aQ(=2)J(Sa +5b)h(a,b) = 2q2 42 2)a3 +as+ 72,
"B,[G] = $aQ(=2)](Sa + Sp)[h(a, b)]a=1,
_ 185+55n
- 60

(18) Harmonic K Banhatti index
25,Q(=2)J (La + Lp)h(a,b) = 2a® + (n— 2)a* +2a° + =2 a7 +
La 4 g9 4 20D g1
8 9 5
Hp[G] = 285,Q(=2)](Lq + Lp)[h(a, b)]a=1,

69n-152
35

4. Comparison of Topological indices

We calculate the topological index values for CF,, (CF,),, (CF,)3, (CF,),,
(CF,)s in this section.
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Table 1

Values for the topological indices of (CF3), (CF3)3, (CF3)3,(CFy)y4, (CF3)s.
Topological |\ cp, | (CF. | (CFps | (CF2a | (CFs
M, [G] 4 22 40 58 76
M,[G] -4 20 44 68 92

mM,[G] 0.875 1.437 2 2.562 3.125
H[G] 1.271 2.321 3.371 4421 5.471
SSD[G] 14.33 23.16 32 40.80 49.66
1[G] 0.828 4.428 8.028 11.628 15.228
ABC[G] 1.6 3.9 6.288 8.632 10.955
GA[G] 1.843 4.443 7.04 9.64 12.24
B4[G] 4 6 88 138 172
B,[G] -24 54 132 210 288
HB,[G] -87 243 573 903 1233
HB,[G] -1200 258 1716 3174 4672

™B,[G] 2.020 2.805 3.590 4376 4.714

MB,[G] 4 4.92 5.83 6.75 7.67
H,y[G] -2.37 -0.4 1.57 3.54 5.54

5. Conclusion

The M-polynomial and topological indices of polytetrafluoroethylene

(PTFE) were derived, and the degree-based topological indices for
(CF,), (CF,),, (CF,)3, (CFy)4, (CF,)s were computed. The topological indices
indicate the characteristics of polytetrafluoroethylene.
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