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Abstract. Topological graph indices have been used in a lot of areas to study required properties
of different objects such as atoms and molecules. Such indices have been described and studied by many
mathematicians and chemists since most graphs are generated from molecules by replacing each atom
with a vertex and each chemical bond with an edge. These indices are also topological graph invariants
measuring several chemical, physical, biological, pharmacological, pharmaceutical, etc. properties of graphs
corresponding to real life situations. The degree-based topological indices are used to correlate the physical
and chemical properties of a molecule with its chemical structure. Boron nanotubular structures are high-
interest materials due to the presence of multicenter bonds and have novel electronic properties. These
materials have some important issues in nanodevice applications like mechanical and thermal stability.
Therefore, they require theoretical studies on the other properties. In this paper, we compute the third
Zagreb index, harmonic index, forgotten index, inverse sum index, modified Zagreb index and symmetric
division deg index by applying subdivision and semi total point graph for boron triangular and boron-«
nanotubes.
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1. Introduction and Preliminaries

A systematic study of topological indices is one of the most striking aspects in many
branches of Mathematics with its applications and various other fields of science and
technology. Several different topological indices have been investigated so far, most of them
useful topological indices are distance based or degree based. This indices may be used to
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derive the quantitative structure property relationship (QSPR) or quantitative structure
activity relationship (QSAR). Topological index to correlated the physico-chemical properties
of chemical compounds with their molecular structure. Topological indices are the numerical
value associated with chemical constitution for correlation of chemical structure with various
physical properties, chemical reactivity or biological activity.

The third Zagreb index

Ms(G) = Y lda(u) — da(v)] (1.1)

weE(G)

was introduced by Fath-Tabar in [1].
The harmonic index H(G) is introduced in 2] and is defined as:

H(G) = . (1.2)

Unfortunately, another degree based graph invariant has not attracted any attention in the
literature of Mathematical Chemistry for more than forty years. In view of this fact, Furtula
et al. [3] named it as forgotten topological index and is defined as:

F(G)= > lda(u)®+da(v)?. (1.3)

weE(G)

The inverse sum index [4] is given by

1G)= Y dd“d”. (1.4)

weEFE(G)

For more details on this important topological indices, we refer to |5, 6]. According to the
article in [7], both first and second Zagreb indices give greater weights to the inner vertices
and edges, and smaller weights to outer vertices and edges which oppose intuitive reasoning.
The second modified Zagreb index is:

"G = S ;dv. (1.5)

d
weEFE(G)

Among 148 discrete Adriatic indices [8, 9], we considered symmetric division deg discrete
adriatic index. The symmetric division deg index is defined as (see [10]):

d2 + d?
weE(G) we

The subdivision graph S(G) is the graph obtained by replacing each of its edge by a path
of length 2 or equivalently, by inserting an additional vertex into each edge of G.

The semi total point R(G) graph is obtained from G by adding a new vertex corresponding
to every edge of G and by joining each new vertex to the end vertices of the edge corresponding
to it.

Boron nanotubes: In last 20 years, various type of boron containing nanomaterials.
Boron nanomaterials have been considered as excellent material for enhancing the
characteristics of optoelectronic nano devices because of their broad elastic modulus,
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high melting point, excessive conductivity. These materials can carry excessive emission
current, which recommends that they may have great prospective applications in field
emission area |[11]. Boron nanomaterials some best properties such as excessive resistance
to oxidation at high temperatures, great chemical stability and are stable broad band-gap
semiconductor [12, 13]. Moreover, the extensive range of boron nanomaterials themselves
could be the building blocks for combining with other existing nanomaterial to designe and
create materials with new properties. The boron triangular nanotube was created in 2004 [11]
and obtained from a carbon hexagonal nanotube by adding an extra atom to the centre of each
hexagon. Also, a special boron nanotube was fabricated from a carbon hexagonal nanotube
in 2008, by adding an extra atom to the centre of certain hexagons [14, 15|. This nanotube
is designed by generating a mixture of hexagons and triangles called boron-a nanotube.
These nanotubes are important materials for optical, electronic, bio and chemical sensing
applications. The comparison study about some computational aspects of boron triangular
and boron-a nanotubes has been investigated in [16]. The 3D perceptions of boron triangular
and boron-a nanotube are presented in the Fig. 1.
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Fig. 2 (a) 2D-sheet of boron triangular nanotube BT [p, ¢, (b) 2D-sheet of boron-a nanotube BA[p, q|.

Recently Jia-Bao, Hani Shaker and et al. [17] worked on topological aspects of boron
nanotubes. Motivated from these works, we compute the third Zagreb index, harmonic index,
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forgotten index, inverse sum index, modified Zagreb index and symmetric division deg index by
applying subdivision and semi total point graph for boron triangular and boron-a nanotubes.

This paper is organized as follows: In Section 2, we get topological indices of boron
triangular nanotube, subdivision and semi total point graph of boron triangular nanotube.
In Section 3, the topological indices of boron-a nanotube, subdivision and semi total point
graph of boron-a nanotube BA(X)[p, ¢] are obtained. Finally, in Section 4, we presented the
topological indices of boron-a nanotube, subdivision and semi total point graph of boron-a
nanotube BA(Y)[p, q.

2. Boron triangular nanotube, subdivision
and semi total point graph of boron triangular nanotube

We denote the molecular graphs of boron triangular and boron-a nanotubes by BT [p, q]
and BA[p, q| respectively, where p is the number of rows and ¢ be the number of columns
in 2D sheet of BT[p,q] and BA[p,q] as shown in the Fig. 2. Then boron-a nanotubes can
be categorized into two classes with respect to p, denoted these classes as BA(X)[p, q] and

BA(Y)[p, ql.

Table 1. The order and size of triangular boron nanotubes

Molecular graph | BT[p,q] | S= BT[p,q] | R = BT|p,q|
Order 369 3q(2p—1) 3q(2p—1)
Size w 3¢(3p — 2) w

Theorem 2.1. Consider the boron triangular nanotube BT[p,q], where p > 3 and q is
even, then

e M3(BT[p,q]) = 12¢,
3 3 6
o H(BTp,q]) = ypa+ ja+za—2,
e F(BTIp,q]) = 324pq — 864q + 96¢ + 312q,

27 72
o I(BTp,q]) = 5 Pq = 364 +6q + g,

1 1 3 1

" NMy(BT[p,q)) = =pg — =g+ —q+ >
. 2(BTlp,ql) = gpa — 3a+ 754+ 14
e SDD(BTIp,q|) = 9pq — 24q + 6q + 13q.

< Consider the boron triangular nanotube G = BT'[p, q|. There are three edge partitions
corresponding to the degree of end vertices which are presented as Ey4 = {uv € Eg|d, =
4,d, =4}, E46 = {uww € Eg|d, =4,d, =6} and Eg6 = {uv € Eg|d, =6,d, = 6}.

Therefore, we have |Ey4| = 3¢, |Es6| = 6¢ and |Egg| = %}2—8)' The respective edge
partitions are shown in Fig. 3 in which edges belong to Fy 4, Fl4 6 and Eg g respectively. Hence
applying the topological indices definitions (Equation (1.1) to (1.6)) we get required results. >

Theorem 2.2. Consider the subdivision graph of boron triangular nanotube BTp,q],
then

o Mj3(BT[p,q]) = 36pq + 24q — 72q,

9 9
e H(BT[p,q]) = 1Pt 4a—3a,

e F(BT|p,q]) = 360pq + 240 — 720q,
27
o I(BTlp,q)) = 5 pg+16q — 27q,
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3 3

3
"\, (BT B 2q—°
J 2(BT'[p, q]) 14+ 54— 54

e SDD(BTIp,q]) = 30pq + 30g — 60q.

< Consider the subdivision graph of boron triangular nanotube S = BT[p,q|. There
are two edge partitions corresponding to the degree of end vertices which are presented as
E274 = {UU S E5|du =2,d, :4} and E276 = {UU € E5|du =2,d, = 6}

Therefore, we have |Eg 4| = 12¢, and |Eq6| = 9¢(p — 2). Applying the subdivision graph
operator to the Fig. 3, then respective edge partitions which edges belong to Fs4 and Es¢
respectively.Hence applying the topological indices definitions (Equation (1.1) to (1.6)), we
get required results. >

Theorem 2.3. Consider the semi total point graph of boron triangular nanotube R =
BTp,q|, then

e M;(BT[p,q]) = 72q + 90pq — 180q + 24q,
12 9 18 3 3 3
H(BT 2 — 2 2 2 2y —
e H(BTI[p,q]) 50t EP— = q+ gdt 2a+ opg— g,
o F(BT[p,q| = 816q + 1332pq — 2664¢ + 384¢ + 1248¢ + 1296pq — 3456¢,
9 ~ 108 = 216

144
—_— 12 ——— 2Tnpqg — 72
£0+ 4= —q+ 120+ ——q+2Tpg = T2,
3 3 3 3 1 1 1
™Mo (BT == Zpg— = el — —pg — —
. 2(BT'[p, q]) 10 gPa— 4+ crat pat 5P 5

111
e SDD(BTIp,q]) =5lq+ — Pa- 111q 4 6q + 13q + 9pq — 24q.

e I(BT[p,q]) =

q,

< Consider the semi total point boron triangular nanotube R = BT'[p, q|. There are five
edge partitions corresponding to the degree of end vertices which are presented as Eo g = {uv €
ER|du =2,d, = 8}, E2712 = {UU € ER|du =2,d, = 12}, E&g = {uv S ER|du =8,d, = 8},
E&lg = {’U/U € Fr ’ dy = 8,d, = 12} and Elg’lg = {UU € Er ‘ dy =12,d, = 12}

Therefore, we have |Eqg| = 12q, |E212| = 9¢(¢ — 2), |Esg| = 3q, |Egi12| = 6¢, and
|E12,12| = W. Applying the semi total point graph operator to the Fig. 3, then respective
edge partitions which edges belongs to Ea g, F 12, Fg g, g 12, and Eia 12 respectively. Hence
applying the topological indices definitions (Equation (1.1) to (1.6)), we get required results. >

3. Boron-a nanotube, subdivision and semi total point graph
of boron-a nanotube BA(X)p, ¢]

In this segment, we concentrated basic result on boron-a nanotube, subdivision and semi
total point graph of boron-a nanotube BA(X)[p, q].

Table 2. The order and size of boron-a BA(X)[p, q] nanotubes

Molecular graph | BA(X)[p,q] | S1 = BA(X)[p,q] | R1 = BA(X)[p,q]
Order 1(4p+1) 2(29p — 4) 2(29p — 4)
Size 4(7p — 2) q(7p—2) 2alfp=2)

o M3{BA(X)[p,q]} = 2pq+ 4q — 6q + 4q,

3
o H{BAX)p.q} =
o F{BA(X)[p,q|} =96q + 164q + 104q + 75pq — 200q + 122pq — 3664,

9

8 2 3 4
¢+ ga+ga+ P~ gq+ 7Pa -

5 10 5

Theorem 3.1. Consider the boron-a nanotube BA(X)|p, q|, then

4 12

ﬁq)
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80 24 15 60 180
I{BA(X — o+ e+ 2pg—1 g — —
o I{BA(X)[p,q]} = 6q + o 5+ 5 pa—10g+ 704 — 44,

3 1 1 3 4 1 1
o "My{BA(X)[p,ql} = —q+ -q+ =9+ —=pq — =9+ —pq — =q,

16 5 12 50 25 15 5
41 13 61 61
e SDD{BA(X)[p,q]} = 6q + F 4T a3 -8+ 1pa— ~a

< Consider the boron-a nanotube H = BA(X)[p,q]. There are five edge partitions
corresponding to the degree of end vertices which are presented as Ey 4 = {uv € Ey |d, =
4,d, = 4}, E475 = {U’U € EH|du = 4,d, = 5}, E476 = {’U/U € EH|du = 4,d, = 6},
Ess={uw € Ey|d, =5,d, =5} and E5 6 = {uv € Ey |dy, = 5,d, = 6}.

Therefore, we have ‘E474’ = 3(], ‘E475‘ = 4q, ’E4’6‘ = 2q, ’E5’5‘ = @, and ‘E6,6’ =
2¢q(p—3). The respective edge partitions are shown in Fig. 4 in which edges belong to Ey 4, E4 5,
Ey6, E55 and Ejs ¢ respectively. Hence applying the topological indices definitions (Equation
(1.1) to (1.6)), we get required results. >

Theorem 3.2. Consider the subdivision graph of boron-a: nanotube S1 = BA(X)[p, q],
o M3{BA(X)[p,q]} = 24q + 15pq — 30 + 8pq — 16¢,

10 20 1
o H{BA(X)[p,ql} =49+ —pq— —q+ 5pq — 4,

7 )
o F{BA(X)[p,q]} = 240q + 145pq — 290q + 80pq — 160q,
50 100
o I{BA(X)[p,q]} = 16q + P4~ ——q +3pg — 6,
. 3 1 1 1
o "My{BA(X)[p,q]} = SPU+ 54— 4+ pd = 34,
29 20 40
e SDD{BA(X)p,q]} = 30q + 5 Pe =294+ 5 pg — ¢

< Consider the subdivision graph of boron-a nanotube S = BA(X)[p,q]. There are
three edge partitions corresponding to the degree of end vertices which are presented as
Eyy = {w € Eg, |d, = 2,d, = 4}, Es5 = {uv € Eg, |d, = 2,d, = 5} and Ezs = {uv €
Eg, |dy, = 2,d, = 6}.

Therefore, we have |E24| = 12q, |E25| = 5q(p — 2) and |E26| = 2¢(p — 2). Applying
the subdivision graph operator to the Fig. 4, then respective edge partitions which edges
belongs to Ea 4, Ea 5 and Fs g respectively. Hence applying the topological indices definitions
(Equation (1.1) to (1.6)), we get required results. >

Theorem 3.3. Consider the semi total point graph of boron-a nanotube Ry =
BA(X)[p, g,

o M3{BA(X)[p,q|} = 72q + 40pq — 80q + 20pq — 40q + 8q + 8¢ + 4pq — 12q,

3 1 1 1 3 1 1 3
H{BA(X)[p,ql} = 5q+ 504 = q+ pg— 2q+ 5a+ o+ =g+ =
o H{BAX)[p.q)} = 50+ 500 — 4+ 5pa = 54+ 550+ 150+ 54+ 70527
1

2
—%q + %pq + Eq7

o F{BA(X)[p,q]} = 816¢ + 520pq — 1040q + 296pq — 592¢ + 384q + 656¢

+416q + 300pg — 800q + 488pq — 1464q,

96 25 50 24 48 160 48
I{BA(X = R 22— o — 204120+ —— 4+ =2
o I{BA(X)[p,ql} A R A U A A
15 200 4+ 120 360
5 P4 =204+ —p4 — =74,
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3 1 1 1 1 3 1 1
M My{BA(X = g+ -pg—=q+ —pg— ¢+ —q+ —q+ —
. 2{BA(X)[p, q]} 14T qP1— 54+ 5Pd— gd+ rd+ 5ad+ gd

43 1,120 360
20074 T 95T P11 ¢
37 T4 41 13
e SDD{BA(X)[p,q|} = 51q + 26pq — 52q + S Pe— 5 a+06q+ =g+ g+ 3pg
g OL 61
G+ P10

< Consider the semi total point graph of boron-a nanotube R; = BA(X)[p,q|. There
are eight edge partitions corresponding to the degree of end vertices which are presented as
E278 = {’U/U S ER1 ’du = 2,d, = 8}, E2710 = {’U/U € ER1 ‘du =2,d, = 10}, Eg’lg = {’U/U S
ER, |du =2,d, = 12}’ E8,8 = {U’U € Eg, |du =8,dy = 8}’ E8,10 = {UU € Eg, |du =8,dy =
10}, E&lg = {’U/U € ER1 ‘du = 8,d, = 12}, E10710 = {UU € ER1 ’du = 10,d, = 10} and
E10712 = {UU € ER1 |du = 10,dv = 12}

Therefore, we have |Eyg| = 12q, |E210| = 5q(p — 2), |E212] = 2¢(p — 2), |Esg| = 3¢,
|Bs 10l = 4q, [Bs 12| = 24, [Bro10] = L2, and [Eyg,12| = 2q(p — 3). Applying the semi
total point graph operator to the Fig. 4 and then applying the topological indices definitions
(Equation (1.1) to (1.6)), we get required results. >

4. Boron-a, subdivision and semi total point graph
of boron-a nanotube nanotube BA(Y)[p, ¢

In this section we demonstrated the results on boron-«, subdivision and semi total point
graph of boron-a nanotube nanotube BA(Y)[p, q.

Table 3. The order and size of boron-a nanotubes of BA(Y)[p, q]

Molecular graph | BA(Y)[p,q] | S2 = BA(Y)[p,q] | R2 = BA(Y)[p,q]
Order 2Pq 2(29p — 12) 2(29p — 12)
Size 1(7p — 4) q(Tp — 4) 3q(7p—4)

Theorem 4.1. Consider the boron-a nanotube BA(Y )[p, q], then

o M3{BA(Y)[p,q)} = 2q + 3q + 2q + 2q + 2pq — 5q,
10

1 1 2 3 4 1 3 4 4
H{BA(Y g gt 2g gt —g At g+ —pg— =g+ —pg — —
e H{BA(Y)[p,ql} G4 4T gu T gut gat gat gPd — sd T yPd e
o F{BA(Y)[p,q]} = 9q + 34q + 45q + 48q + 82q + 52¢q + 75pq — 200q + 122pq — 305¢,

3 15 40 12 15 60 150
o I{BA(Y)[p,q} = 191 54+ 24430+ g+ a+ pg =10 + 704 — T4
1 1 1 3 1 1 3 4 1 1
o "My{BA(Y)[p,ql} = RIT R T 1gdt 530+ 1pd+ 579+ 5gP1 — 354 T P4~ G4
34 5 41 13 61 61
SDD{BA(Y g+ g 23+ g+ g+ 3pg— 8¢+ —pg — —q.
J {BA(Y)[p, q]} ¢+ [+ 50+ 3¢+ [0+ L a+3pa —8a+ e — 4

< Consider the boron-a nanotube K = BA(Y)[p,q]. There are eight edge partitions
corresponding to the degree of end vertices which are presented as E33 = {uv € Ex |d, =
3,d, = 3}, E375 = {UU S EK|du =3,d, = 5}, E376 = {U’U € EK|du =3,d, = 6}, E474 =
{wv € Ex|d, = 4,d, = 4}, Ex5 = {uwv € Ex|d, = 4,d, = b}, Es6 = {uv € Ex|d, =
4,d, =6}, Es5 = {uww € Ex |d, =5,d, =5} and Es¢ = {uv € Ex|d, = 5,d, = 6}.
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Therefore, we have |Es3| = 4, |E35| = q, |E36| = q, |Es4| = 3—2q, |Ea5| = 2q, |Ess| = q,

|Es5| =

q(3p—8)

2

(Equation (1.1) to (1.6)), we get required results. >
Theorem 4.2. Consider the subdivision graph of boron-a nanotube Sy = BA(Y)[p, q],

o Ms{BA(Y)[p,q]} = 3q + 12q + 15pq — 30q + 8pq — 12q,

o H{BA(Y)[p,q]} = gq +2q + 1—70pq - 2—7061 + %pq - Zq,
e F{BA(Y)[p,q|} = 39q + 120q + 145pq — 290q + 80pq — 120gq,
o I{BA(Y)[p,ql} = ?q +8g + 5—701961 - gq + 3pq — gq,
o "My{BA(Y)[p,ql} = lq + §q + 1pq —q+ lpq - lq,
27 4% 6 4
o SDD{BAY)Ip.al} = g+ 150+ % pg — 209 + 2 pg — 104

, and |Es56| = ¢(2p — 5). Hence applying the topological indices definitions

< Consider the subdivision graph of boron-a nanotube Sy = { BA(Y)[p, q]}. There are four
edge partitions corresponding to the degree of end vertices which are presented as Es 3 = {uv €
Es,|dy, = 2,d, = 3}, By = {uv € Eg, |dy, = 2,d, =4}, Ea5 = {uww € Eg, |d, = 2,d, =5}
and Fy¢ = {uv € Eg, |dy, = 2,d, = 6}.

Therefore, we have |Ey3| = 3¢, |Ea4| = 6q, |E25| = 5q(p — 2) and |Ey6| = ¢(2p — 3).
Applying the subdivision graph operator to the Fig. 5, then respective edge partitions which
edges belongs to Fs 3, Fa 4, Ea 5 and Es ¢ respectively. Hence applying the topological indices
definitions (Equation (1.1) to (1.6)), we get required results. >

Theorem 4.3. Consider the semi total point graph of boron-a nanotube Ro

BA(Y)[p, dl,

Ms{BA(Y)[p,q]} = 12q + 36¢ + 40pq — 80q + 20pq — 30q + 4q + 6q + 4q + 4q

+4pg — 10q,
2

3 6 5 5 3 1 1
H{BA(Y)lp,ql} = a4+ za+ gpg— 3a+=pa — =+ 154+ g4

Ao 8,02 1 03 2, 2
91T 169 gl T gl T P4 T YT P4
F{BA(Y)[p,q]} = 120q + 408¢ + 520pq — 1040q + 296q — 444q + 36¢

+136¢ + 180q + 192 + 328¢ + 208¢ + 300pg — 800q + 488pg — 1220¢,

9 48 25 50 24 36 3 15

I{BA(Y = gt g+ - g Tpg— S 2g 2
{BA(Y)[p, q]} 50T a+ 5Pa— T a+ —pa— —q+5a+ g
80 24 15 120 300
+4q+6q+—q+—q+7pq—20q+qu—i

9175
1 3 1 11 11 1
"N L{BAY et 20 T gt Sy — tqd g
2{BA(Y)[p,ql} 24T g4 qPU— 5 5Pd — gd+ —5a + sa
BRI DA DR Lo 1
7297 12897 409 T 1697 20071 T 259 goP1 T g ?

q,

51 37 37 34
SDD{BA(Y)[p,q]} = 10q + 5 4+26pq =520+ 5pg — 54+ 4+ 24
gasgr B B e gy 8 01
50+ 30+ 150+ 54+ 3pa — 84+ 1pd — =a-

< Consider the semi total point graph of boron-av nanotube Ry = BA(Y)[p,q|. There
are twelve edge partitions corresponding to the degree of end vertices which are presented
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as E276 = {UU € Ep, |du =2,d, = 6}, E278 = {U’U € Eg, |du = 2,d, = 8}, E2710 = {U’U S
ER2 ’du =2,d, = 10}, E2712 = {’LL’U € ER2 ’du =2,d, = 12}, E6,6 = {’LL’U S ER2 ‘du =6,d, =
6}, E6710 = {UU € Eg, |du =6,d, = 10}, E6712 = {U’U € Eg, |du =6,d, = 12}, E&g = {U’U S
ER2 ’du =38,d, = 8}, Eg’lo = {’LL’U € ER2 ‘du =38,d, = 10}, Eg’lg = {’LL’U S ER2 ‘du =38,d, =
12}, E10710 = {UU € ER2 |du =10,d, = 10} and E10712 = {UU € ER2 |du =10,d, = 12}

Therefore, we have |Eayg| = 3q, |E2g| = 6q, |E210| = 5q(p — 2), |E212| = q(2p — 3),
|Es6l = %, |Eo,10l = ¢, |Es12| = a, |Bssl = 3, |Es 10 = 24, |Es 12| = g, [Ero,10] = 2852,
and |Ey012] = ¢(2p — 5). Applying the semi total point graph operator to the Fig. 5 and
then applying the topological indices definitions (Equation (1.1) to (1.6)), we get required
results. >

Table 4. The order and size of boron-a nanotubes of BA(Y)[p, ¢

Index | G = BT[p,q| H = BA(X)[p, q] K = BA(Y)[p, q]
Ms 12q [2p+2]q [2p+4]q
H [0.75p-0.05]q | [0.66364p-+0.14798]q | [0.66364p-0.05076]q
F | [324p-450]q [197p-202]q [197p-235]q

Table 5. Degree based topological indices of boron nanotubes

T [13.5p-15.6]q [9.20455p-6.67475]q | [9.20455p-9.16692]q
™M, | [0.125p+0.10417]q | [0.12667p+0.11083]q | [0.12667p+0.08653]q
SDD [9p-5]q [7.06667p-1.66667]q | [7.06667p-3.13333]q

Table 6. Subdivision graph of degree based topological indices of boron nanotubes

Index | S = BT[p,q] S1 = BAX)[p, q] S2 = BA(Y)[p, q|
M; [36p-48]q [23p-22]q [23p-27]q
H 2.25p-0.5]q | [1.92857p+0.14286]q | [1.92857p-0.40741]q
F 360p-480]q [225p-210]q [225p-251]q
T [135p-11]q | [10.14286p-4.28571]q | [10.14286p-7.18571]q
™ M 0.75pq 0.66667p+0.16667|q 0.66667pq
SDD | [30p-30]q | [21.16667p-12.33333]q | |[21.16667p-17.5]q

Table 7. Semi total point graph of degree based topological indices of boron nanotubes

Index R = BT[p.q| R = BA(X)[p.q| Ry = BA(Y)[p, q]
M3 [90p-84]q [64p-44]q [64p-54]q
H [1.66071p-0.19643]q [0.73p+0.422083]q [1.45087p-0.17062]q
F [2628p-3672]q [1604p-1624]q [1604p-1896]q
1 [42.42857p-42.85714]q | [30.17099p-17.67330]q | [30.17099p-26.04336]q
"M, | [0.40625p10.02604]q | [11.25742p-32.65998]q | [0.365p+0.02163]q
SDD [64.5p-65]q [45.4p-25.16667]q [45.4p-38.13333]q

Conclusion: In this paper, we study important classes of boron nanotubes and formulated
Ms, H, I, ™M, SDD indices of their molecular graphs by using edge partition technique.
The simplified of these indices for boron triangular nanotube, subdivision and semi total
point graph of boron triangular nanotube, boron-«, subdivision and semi total point graph
of boron-a nanotube BA(X)[p,q] and boron-c, subdivision and semi total point graph of
boron-a nanotube BA(Y)[p, g| are given in Table 1, Table 2 and Table 3. These results can
be used in detecting some physical and chemical properties of these boron nanotubes.
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Fig. 3 The edge partitions of BT'[7,4] nanotube with respect to degree of end vertices.

m (4 4)

VYV Y Y
PN NI NN
VAVAVAVAVAVAVAVAVANR L

\VAVARVAVARVAY
ENIN NN N
/\/

VA' VAV VAv (3.5)
AN ININ N — 9
\VAVAVAVAVAVAVAVAVANE I

= (4, 5)

— (5, G)

.VA'.VAV \/\/ =—us
AVANAVANAVANET.C
Avv""' — (5,5)

Fig. 5 The edge partitions of BT'(Y)[9, 6] nanotube with respect to degree of end vertices.
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AnaHoTauusa. VHIEKCHl TOIMOJOrHYecKux rpadoB HCIOJIL30BAJIUCh BO MHOTUX ODJIACTAX JJIsi U3YYIEHUST
TpeOyeMbIX CBOWCTB Pa3JIMYHBIX OOBEKTOB, TAKUX KAK aTOMBI M MOJIEKYJIbl. TaKue WHIEKCHI ObLIU OIMCAHbI
U U3yYEHbl MHOTUMM MaTEMAaTUKAMU U XUMUKAMU, TTOCKOJIBKY GOJIBITUHCTBO IPAMDUKOB T€HEPUPYIOTCS U3 MO-
JIEKYJI IIyTeM 3aMEHBbI Ka)KJOro aToMa BEPIIMHON, a KaXKJI0l XUMHUYECKON CBA3M — pebpoM. DTH MHIEKCHI
TaKKe SFBJISIOTCS TOIOJOMMYECKUMI UHBApUAHTAMU I'pada, U3MEPSIONUMI HEKOTOPbIE XUMUIecKue, hpusnye-
ckue, buosiornyeckre, (papMakoIornIecKue, (papManeBTUIecKue U T. J. CBOcTBa rpadoB, COOTBETCTBYIONNE
PeaJIbHBIM YKU3HEHHBbIM curyanusiM. OCHOBaHHBbIE HA CTEIIEHU TOMOJIOTMYECKUE WHJEKCHI MCIIOJIb3YIOTCS JJIst
KOPPEJISIi (DU3MIECKAX ¥ XUMHYECKHX CBONCTB MOJIEKYJIBI C €€ XMMHUYECKoil crpykrypoil. Hanorpybubre
CTPYKTYPBI U3 OOpa sIBJISIOTCSI MHTEPECHBIMU MaTepHajiaMy OJIaro/japsi HAJUYIUI0 MHOTOIEHTPOBBIX CBSI3€H 1
00J18/1a10T HOBBIMU 3JIEKTPOHHBIMY CBOMicTBaMU. [IprMeHeHne 3THX MATepUaJIOB B 00JIaCTH HAHOYCTPONCTB CTa~
BUT DsiJT Ba2KHBIX BOIIPOCOB, TAKUX KaK MEXaHMYECKasl M TepMHudeckasi crabuiabHocTh. [losromy oHu Tpebyror
TEOPETUIECKNX HCCJIEOBAHUN 110 pa3HbIM cBoiicTBaM. CTaTbsl IOCBSAIIEHA IOJCIYETY TPETHEro 3arpebeKoro
UHJIEKC, TADMOHMYECKOI0 MHJIEKCa, MHJIEKCa 00PaTHONM CyMMbI, MOIUMUIMPOBAHHOIO UHIEKCa 3arpeba u uH-
JIEKC CTEleHN CHMMETPHUYHOIO JIeJIeHHUsI C NPUMEHEHHEM K OOpHBIM HAHOTPYOKaM TPHUAHTYJISIDHOTO TUIA W
astbda-00pHBIM HAHOTPYOKAM.

KuroueBbie cjioBa: TOMOJOTMYECKUN WHIEKC, HHIEKC 3arpeba, rapMOHUYECKUN WHIEKC, WHIEKC 0OpaT-
HOI CyMMBbI, UHJIEKC CTEIIeHH CUMMETPUYHOTrO JIeJIeHNs, TPUAHTYJIsIpHbIE GOPHbIE HAHOTPYOKH, ajibda-6opHbIe
HAHOTPYOKH.
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