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Abstract

Carbon nanotubes are widely used in various fields such as composites, energy devices, electronic appli-
cations, and medical applications. The most commonly used nanotubes and nanotubes are V-phenylenic
nanotubes and nanotori. Topological analysis of a molecule involves translating its molecular structure into
a unique number.

In this article, Sombor indices for molecular graph, line graph, and subdivision graph of the V-phenylenic
nanotubes and nanotori are calculated.

Keywords: Topological index, molecular graph, nanotube, nanotori, line graph, subdivision graph.
2010 MSC: 05C20.

1. Introduction and Preliminaries

Carbon nanotubes (CNTs) were first discovered in 1991[13]. So far, much research has been done on
their structure and the determination of their physical and chemical properties by direct measurement and
prediction methods using modeling techniques. Because of the remarkable physical and chemical properties
of carbon nanotubes, many scientists and industries are now working on them.

The production of carbon nanotubes is increasing exponentially every year, and as a result, their prices are
decreasing. Carbon nanotubes consist of molecules with a diameter of nanometers. Also, the ratio of length
to diameter is large.

One of the essential applications of nanotubes is in electronic devices [3].

Another essential feature is using nanotubes as a high-capacity hydrogen storage medium [16].

The high yang modulus and tensile strength of nanotubes have led to speculation about their possible use
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in widely used materials such as composite materials with improved mechanical properties [7, [15].

The geometric properties of nanotubes as a new tool in drug delivery have shown significant application
[5]. Another essential application is their suitability as electron field emitters. A considerable advantage of
SWNT materials is their use as electrochemical lithium battery electrodes with irreversible capacities and
high voltage hysteresis.

For new applications of carbon nanotubes, control Diameter, chirality, number of layers, and purity are of
particular importance.

Despite all efforts, the lack of reliable production capacity in high volume and the high price of nanotubes
have prevented the commercialization of carbon nanotube technologies.

One of the most widely used nanotubes are the V-phenylenic nanotubes and nanotori, which have attracted
the attention of many scientists in recent years due to their wide applications in the production of gas-
sensitive, catalytic, and corrosion-resistant materials [14].

Figure shows the molecular graph structure of the V-phenylenic nanotube. Nanotori particles have been

Figure 1: The molecular graph structure of V-phenylenic nanotube VPH X |p, q|

very promising in nanophotonic applications.

If m is the number of atoms in rows, and n is the number of atoms in columns, we show V-phenylenic and
nanotransformer nanotubes as VPH X |[p, q], and VPHY [p, q|.

Figure shows the molecular graph structure of the V-phenylenic nanotori.
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Figure 2: The molecular graph structure of V-phenylenic nanotori VPHY [p, q|
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In [I], Pi polynomials and topological indices related to V-phenylenic nanotubes and nanotubes are calcu-
lated. In [10], Pi polynomials and some topological indices related to V-phenylenic and nanotube nanotubes
are calculated. So far, many well-known topological indicators of these materials have been calculated.
The Pi vertex index in [4], the Geometric-arithmetic index and atom-bond connectivity index in [II], the
eccentricity connectivity index in [I7], the GAs index in [§], the fourth atom-bond connectivity index in
[9] ,and M-polynomials of V- phenylenic nanotubes and nanotori and general version of Randi¢ index and
inverse Randi¢ index and second modified Zagreb index and Symmetric division index and harmonic index
and Inverse sum-index and augmented Zagreb index in [14].

Mathematical chemistry is a branch of theoretical chemistry that discusses molecular structure using math-
ematical methods without considering their quantum mechanics.

The essential role of molecular descriptors is in mathematical chemistry. Chemical graph theory is a branch
of mathematical chemistry that deals with the relationship between mathematics, chemistry, and graph
theory.

In a molecular graph, its vertices correspond to atoms, and its edges correspond to bonds.

Topological indices are numerical values related to a chemical structure that describes the correlation of
chemical structure with different physical properties and chemical reactions.

Definition 1.1. In a non-empty graph G, if each edge is considered as a vertex and the two vertices are
connected, if the corresponding edges of the two vertices are adjacent to G, the resulting graph is denoted
by L(G) and is called the line graph of G [6].

Definition 1.2. The Subdivision graph of graph G is a graph obtained by placing an extra vertex on each
edge of G. The subdivision graph is denoted by S(G) [6].

The Sombor index was introduced by Gutman in late 2020 [12], and since then, many researchers have
studied and researched it. We refer to [2, [I8]. They have obtained numerous relationships based on it. The
Sombor index for graph G is defined as:

SO(G) = > &+

weE(G)

We also have for the reduced Sombor index and the average Sombor index, respectively:

S0,ea(G) = X en(c) V(du — 17)2 + (dy — 1)27
SOC“”"(G) = ZUUEE(G) \/(du - d)2 + (dv - d)2 )

7 _ 2|EG)
where d = R

In this article, first, we consider the molecular graphs of V-phenylenic nanotubes and V-nanotori, and
calculate the respective Sombor indices. In the following, we draw the line graph and the subdivision graph
of these structures, and we do the same calculations. Finally, we compare the behavior of these numerical
quantities.

2. Main results

There are two types of edges in the V-phenylenic nanotubes as follows:

Ey = {(dy,dy) |luv € E(G),d, = 2,d, =3},
Ey = {(du’dv) ‘uv € E(G)adu =3,d, = 3}7
|E| = |Ey| + |Es| = 4m + 9mn — 5m = 9mn — m.

gy = HEQI _ 20mn—m) _9mn—m _on—1

e 6mn 3mn 3n
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Edge type | Number of edges
E1 4m
Ey 9mn-5m

Table 1: Types and the numbers of edges in the molecular graph of the V-phenylenic nanotubes.

Figure 3: L(G) in V-phenylenic nanotube VPH X|p, q].

Figure shows the line graph of the V-phenylenic nanotube.
There are three types of edges in the line graph of the V-phenylenic nanotubes as follows:
Ey = {(dy,dy) |luv € E(L(G)),d, = 3,d, =3},
Ey = {(dy,dy) luv € E(L(G)),d, = 3,d, =4}, Es = {(dy,dy) luv € E(L(G)),d, =4,d, =4} .

Edge type | Number of edges
E1 2m
E2 8m
FEs 18mn-14m

Table 2: Types and the numbers on edges for L(G) in V-phenylenic nanotubes.
As a result, the number of edges and vertices in the line graph of the V-phenylenic nanotube is equal to:

|E(L(G))| = 18mn — 4m,
[V(L(G))| = |E(G)| = 9mn — m.
We have,
_ 2|E(L(G))| _ 2(18mn —4m)  36n—8
V@) 9mn-m 0 9n-—1°
Figure shows the subdivision graph of the V-phenylenic nanotube.
There are two types of edges in subdivision graph of V-phenylenic nanotube as follows:

d(L(G))

E, = {(dy,dy) |luwv € E(S(Q)),dy, = 2,d, =2},
Ey = {(dy,dy) |uv € E(S(G)),dy, =2,d, =3} .
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Figure 4: S(G) for V-phenylenic nanotube VPH X|p, q].

Edge type | Number of edges
E1 4m
E, 18mn-6m

Table 3: Types and the numbers on edges for S(G) in V-phenylenic nanotube.

As a result, the number of edges and vertices in the subdivision graph of the V-phenylenic nanotube is
equal to:

| = |E1| + |E2| = 4m + 18mn — 6m = 18mn — 2m,
[V(S(G))| = |E(G)|+|V(G)| = 15mn — m.

We have,

_ 2|E(S(G))]  2(18mn —2m)  36mn —4m  36n —4

d(S(@)) = V(S@G) ~ 1smmn—-m  1bmn—m  1mn—1°

Theorem 2.1. Let G be the graph of the V -phenylenic nanotube. Then,

$)SO(G) = 9V18mn + (4V/13 — 5/18)m,
i1)SOyeq(G) = 9V8mn + (4V5 — 5v/8)m,

92 \/ on—1, In — 1 5V2

111) SOgur (G) = 377”” + 4[4/ 2( " )2 —10( - )+ 13 — 3—”}771

Proof.

nso@ = Y JVeEre= Y JVErZ+ Y JEB+ra&
weE(G) uweE (G) ww€F2(Q)

= 4m(V13) + (9mn — 5m)(V18) = 9V18mn + (4V/13 — 5v/18)m,
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i1)SO0rea(G) = Y V/(du—1)2+ (dy — 1)?

weE(G)
= > V=124 do— 12+ D V(du—1)?+(dy—1)?
weE (GQ) uveEs(G)

= 4m(V/5) + (9mn — 5m)(V8) = 9V8mn + (4V5 — 5vV8)m

i1)S00r(@) = 3 3/(du — A + (dy — d)?

weE(G)
= Z \/(du—J)2+ d —d Z \/ _J)Q
weFE1(G) weE (G
S TR TR <9mn-5m><¢<s— T T
n — n — | S
= am(y/2 "D 10 113+ omn—smyv3 - 2L
— 9;T/Z§mn+4[\/2(9n; 1)2 — 10(9n ; 1) +13 — E’;nf]

Figure 5: Shows the behavior of the SO(G), SOrea(G), and the SOuur(G), with Red, Yellow, and Blue, respectively, in the
molecular graph of the V-phenylenic nanotube.

Theorem 2.2. Let L(G) be the line graph of V-phenylenic nanotube. Then,

$)SO(L(G)) = 18V32mn + (2V18 — 14v/32 + 40)m
1) SOpea(L(G)) = 18V18mn + (2V8 + 8v/13 — 14v/18)m

§50)SO0un (L(G)) = (2| ——— Y + 2(V2, 9”+5')+8\/2(36”‘8)2_14<36”‘8)+25— o2,

9n — 1! In—1 In—1 In—1
Proof.
HSO(L(G) = > \/dﬁ+d% = > E+E+ > E+da+ Y 2 +d

weE(L(G) weE (L(G)) weEy(L(Q)) w€F3(L(G))
= Qm(\/>8) + 8m(5) 4+ (18mn — 14m)(v/32) = 2v/18m + 40m + (18mn — 14m)(v/32)
= 18V/32mn + (2V18 — 14v/32 + 40)m
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ii)SOred(L(G)) - Z \/(du - 1)2 + (dv - 1)2

weFE(L(Q))
= Y Vd 12+ (de— 124+ D V(du— 12+ (dy — 1)
weE; (L(Q)) wweB2(L(Q))
+ Y V=) (- 1)
weF3(L(G))

= 2m(V/8) + 8m(V13) + (18mn — 14m)(V18) = 2v/8m + 8V13m + (18mn — 14m)(v/18)
= 18V18mn + (2V8 + 8V/13 — 14V18)m,

i) 500 (L(@) = Y 4/~ d)? + (dy — d)?
)

weE(L(G
- Y -+ d -2+ V(@ — @72 + (d, - d?

weF1 (L(G)) w€EF>(L(Q))

+ Y a2+ - ay

we€FE3(L(Q))
36m — 8 36m — 8 36m — 8 36m — 8

— _ 2 _ 2 _ 2 _ 2

(3= 2B 5 By (3 BBy BB

36m — 8 36m — 8
_ _ 2 _ 2
+ (18mn 14m)(\/(4 on 1 )2+ (4 T )2)

= 2m(\/§:3 _Hn =8 +8m(\/2(36” SR PTG DY)

9 — 1| o —1 o —1
| 36n — 8!
7(\/§| 4 |)mn+[2(ﬁl_9n+5l) 8\/2(3671—8)2_14(36n—8)+25_ 54\/§]m
- lop — 1! Fop — 1| I —1 o —1 om—1""

Figure 6: Shows the behavior of the SO(L(G)), SOrea(L(G)), and the SOqur(L(G)), with Red, Yellow, and Blue, respectively,
for the V-phenylenic nanotube.

O
Theorem 2.3. Let S(G) be the subdivision graph of the V -phenylenic nanotube. Then,
)SO(S(@)) = 18V13mn + (4v/8 — 63/13)m,
i1)SO0,eq(S(G)) = 18V5mn + (4V2 — 6v/5)m,
| —6n + 21 \/ 36n — 4 36n—4., \/ 36n —4 36n — 4
i11)SOqur (S(G)) = [4V2 Ton 1!~ 6(1/13 + 10(15n — 1) + 2(15n — 1) Vm 4+ 18(4/13 + 10(15n — 1) + 2(15n —



S. Javame, M. Ghods, Journal of Prime Research in Mathematics, 19(1) (2023), 14-26 21

Proof.
)SO(S(G) = > B+d2+ Y /2 +d2=4V8m+ (18mn — 6m)V13

weEL (S(G)) weE(S(G))

= 18V13mn + (4V8 — 6V13)m

ii)S0rea(S(G) = > V(d =12+ (de— 12+ > (d—1)2+(dy — 1)

weF1(S(Q)) weEF2(S(Q))

= 4v/2m + (18mn — 6m)V5 = 18V5mn + (4V2 — 6V5)m

11500 (S@) = Y Jdu-dP+ -2+ Y \J(du— )2+ (d, — P

weE1(S(G)) weEy(S(G))
36n — 4 36n — 4 36n — 4
_ _ 20T T Fo _ _ 2 _ 29 T g
4m(\/2(2 15”_1) + (18mn 6m)\/(2 15”_1) +(3 15”_1)

= 4m(\/§:16nj12:) + (18mn — 6m)(\/13 + 10(?2 — 4) + 2(3671 — 4)2)

[4[,16”+2 6(\/13+10(36 _4)+2(36”_1)2)]m

15n—1"" 15 15n —
36n — 4 36n — 4
18(4 /13 + 1 2 2)mn.
+ 8(\/3+ 0(15n—1)+ (15n—1) ymn

Figure 7: Shows the behavior of the SO(S(G)), SOrea(S(G)), and the SOqur(S(G)), with Red, Yellow, and Blue, respectively,
for the V-phenylenic nanotube.

O
There is one type of edge in the V-phenylenic nanotori as follows:
Ey ={(dy,dy) |luwv € E(H),d, = 3,d, =3}.

- 2|E(H)|  2(9mn) 18mn _
d(H) = \V(H)|  6mn  6mn =3

Edge type | Number of edges
Eq 9mn

Table 4: Types and the numbers of edges in the molecular graph structure of the V-phenylenic nanotori.

Figure shows the line graph of the V-phenylenic nanotori.
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vV

Figure 8: L(G) for V-phenylenic nanotori.

Edge type | Number of edges
Ey 18mn

Table 5: Types and the numbers of edges for L(G) in V-phenylenic nanotori.

There is one type of edge in the line graph of the V-phenylenic nanotori as follows:
Ey = {(dy,dy) |luv € E(L(H)),d, =4,d, =4}.
As a result, the number of edges and vertices in the line graph of the V-phenylenic nanotori is equal to:
|E(L(H))| = 18mmn,
[V(L(H))| = [E(H)| = 9mn.

We have,

_2|E(H)| _ 2(18mn)  36mn
O V(H)  9mn 9mn
Figure @ shows the subdivision graph of the V-phenylenic nanotori.
There is one type of edge in the subdivision graph of the V-phenylenic nanotori as follows:

=4.

d(L(H))

By = {(dy,dy) |uv € E(S(H)),dy = 2,dy = 3} .

Edge type | Number of edges
Eq 18mn

Table 6: Types and the numbers of edges for S(G) in V-phenylenic nanotori.

As a result, the number of edges and vertices in the subdivision graph of the V-phenylenic nanotori is equal
to:

|[E(S(H))| = 18mn,

\V(S(H))| = |E(H)| + |V(H)| = 15mn.
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Figure 9: S(G) for V-phenylenic nanotori.
We have,
AG) = 2|E(S(H))|  2(18mn)  36mn _ 12
- |V(S(H))  15mn  15mn 5
Theorem 2.4. Let H be the graph of the V -phenylenic nanotori. Then,
i)SO(H) = 9v18mn,
i1)SO,eq(H) = 9vV/8mn,
141)SOgur (H) = 0.
Proof.
i)SO(H)= > /d2+d2=9V18mn,
weE (H)
0SOwalt) = 3 /(& P+ (@~ 1 = 9B,
wEE(H)
i16) SO (H) = ) \/ + (dy — d)2 = 9mn x 0 = 0.
wveE (H)
O

Theorem 2.5. Let L(H) be the line graph of the V -phenylenic nanotori. Then,

i)SO(L(H)) = T2v2mn,
§9)50,ca(L(H)) = 54v/Zmn.
111)SOgur (L(H)) = 0.
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Figure 10: Shows the behavior of the SO(G), SOreqa(G), and the SOqu-(G), with Red, Yellow, and Blue, respectively, for the

molecular graph of the V-phenylenic nanotori.

Proof.
NSOLH)) = > /&2 +d2 =18V32mn = 72v2mn,
weE (H)
i1)SOrea(L(H)) = Y \/(dy— 1)2+ (dy — 1) = 18V/18mn = 54v2mn,
wveE (H)
i11)SO0ur (L) = 3 1/(du — d)2 + (d, — 0)* = 18mn(0) = 0.
wveE (H)

nnnnn

5000

Figure 11: Shows the behavior of the SO(L(QG)), SOrea(L(G)), and the SOqyr(L(G)), with Red, Yellow, and Blue, respectively,

for the V-phenylenic nanotori

Theorem 2.6. Let S(H) be the subdivision graph of the V -phenylenic nanotori. Then,
i)SO(S(H)) = 18V13mn,
i1)SOyeq(S(H)) = 18V5mn,

1) SOuor (S(H)) = 18\5/ﬁmn.
Proof.
)SO(S(H)) = > +/d2+d2=18V13mn,
weE (H)
i)S0sa(S(H) = Y V(du — 12 + (dy — 1)2 = 18v/5mam,
wwe€FE(H)
)80ur(S() = Y fld— @7+ @y~ 07 = 18mn(yf (2 - D4 3 - B2y = BV

wwEE (H)

mn.

O
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Figure 12: Shows the behavior of the SO(S(G)), SOa(S(G)), and the SOqur(S(G)), with Red, Yellow, and Blue, respectively,
for the V-phenylenic. nanotori.
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3. Conclusion

In this article, Sombor indices were calculated for V-phenylenic nanotubes and nanotori and their line
graph and subdivision graph. In nanotori, the Sombor index always has the highest value compared to the
reduced Sombor index and the average Sombor index in the molecular graph, line graph, and subdivision
graph.

In the nanotube, the average Sombor index has the lowest value compared to the Sombor index and the
reduced Sombor index in the molecular graph and the line graph, still, in the subdivision graph, the average
Sombor index has the highest value.
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