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Abstract: Nanomaterials are compound substances or materials that are produced and utilized at an
exceptionally little scale. Nanomaterials are created to display novel attributes contrasted with a similar
material without nanoscale highlights, for example, expanded quality, synthetic reactivity or conductivity.
Topological indices are numbers related to molecular graphs that catch symmetry of molecular structures
and give it a scientific dialect to foresee properties, such as: boiling points, viscosity, the radius of gyrations
and so on. In this paper, we aim to compute topological indices of TUCq4[m, n], TUZCs[m, n], TUACs[m, n],
SCsCy[p,q], NPHX][p, q], VC5Cy[p, q] and HC5C7[p, q] nanotubes. We computed first and second K Banhatti
indices, first and second K hyper-Banhatti indices and harmonic Banhatti indices of understudy nanotubes.
We also computed multiplicative version of these indices. Our results can be applied in physics, chemical,
material, and pharmaceutical engineering.
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1. Introduction

C hemical reaction network theory deals with an attempt to model the behavior of real world chemical
systems. From the very beginning of its foundation, it is hot cake for research community; especially

due to its importance in two important branches i.e. biochemistry and theoretical chemistry. It has also a
significant place in pure mathematics particularly due to its mathematical structures.

Cheminformatics is an upcoming and progressive area that deals with the relationships of qualitative
structure activity (QSAR) and structure property (QSPR) and also predicts the biochemical activities and
properties of nanomaterial. In these studies, for the prediction of bioactivity of the chemical compounds,
some physcio-chemical properties and topological indices are used see [1-4].

Mathematical chemistry is the branch of chemistry which discusses the chemical structures with the aid
of mathematical tools. Molecular graph is a simple connected graph in chemical graph theory. This graph
consists of atoms and chemical bonds and they are represented by vertices and edges respectively. The distance
between two vertices u and v is represented as d(u, v) and it is the shortest length between u and v in graph G.
The degree of vertex is basically the number of vertices of G adjacent to a given vertex v and will be denoted
by d,.

The topological index of a molecule can be used to quantify the molecular structure. To be simple, the
topological index can be considered a function that assign each molecular structure to real number. Boiling
point, heat of evaporation, heat of formation, chromatographic retention times, surface tension, vapor pressure
etc can be predicted by using topological indices. First and second Zagreb indices are degree based graph
invariants have been studies extensively since 1970’s.

The first and second K Banhatti indices were introduced by Kulli in [5] as

Bi(G) =) ldg (u) +dg (e)]

ue

and

B> (G) =Y ldg (u)dg (e)].

ue
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The first and second multiplicative K Banhatti indices were introduced by Kulli in [6] as

BII (G) = [ ] [dc (u) +dg (e)]

ue

and

BIL (G) =[] [dg (u)dc (e)] .

ue
The following K hyper-Banahatti indices are defined in [6] as
HB1 (G) = L ldg () +dg ()

ue

and

HB, (G) = Y_[dc (1) dg (e)]*.

ue
The first and second multiplicative K hyper-Banhatti indices are defined as

HBIL (G) =[] [dg (1) +dg (e)]?

ue

and

HBIL (G) =[] ldg (u) dg (e)]*.

ue

The K harmonic Banhatti index is defined as
006 = | i i)
! o Lde (w)+dc ()]

The multiplicative K harmonic Banhatti index is defined as

2
iy (©) =11 [dc OETE <e>] '

In this paper we compute several Banhatti type indices of TUC4[m, n], TUZCg[m, n|, TUZCg[m, n], SC5C7[p, 4|,
NPHX]|p, q], VCs5Cy[p,q] and HC5Cy|p, q] nanotubes.

2. Main Results

2.1. Banhatti indices of TUC4[m, n]

In the nanoscience, TUC4[m, n] nanotubes (where m and n are denoted as the number of squares in a row
and the number of squares in a column respectively.) are plane tiling of C4. This tessellation of C4 can cover
either a torus or a cylinder. The 3D representation of TUCy[m, n] is described in Figure 1.

Theorem 1. Let G be the TUCy[m, n] nanotube. Then we have

B1(TUC4[m, n]) = 40mn + 2m.
Bo(TUCy[m,n]) = 96mn — 26m.
HBy(TUC4[m,n]) = 400mn — 144m.
HB,(TUCy4[m, n]) = 2304mn — 1630m
Hy(TUC4[m,n]) = 2mn + 235m.

Gtk L=

Proof. Let G = TUC4 m, n]. The edge set of UC4[m, n| can be partitioned as follows:

m,
Es = {uv € E(G) : dg(u) = dg(v) =3},
Er = {uv € E(G) :d (u)—sdc<>—4}
Es = {uv € E(G) : dg () = d(v) = 4},

such that |[E¢| = 2m, |E7| = 2m and |Eg| = m(2n — 3).
The edge degree partition of V is given in Table 1. Now
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Figure 1. Graph of TUCy6, n].

Table 1. Edge degree partition of TUC4[m, n].

H dg(u),dg(v) :e=uv € E(G) (3,3) (3,4) (4,4) H

dc(e) 1 5 6
Number of edges 2m 2m  m(2n —3)

1. First K Banhatti index of TUC4 [m, n] is

By (TUCy[m,n]) = (2m)[(34+4)+ (34+4)]+ (2m)[(34+5)+(4+5)]+(m(2n—3))[(4+6)+ (4+6)]
= 40mn + 2m.

2. Second K Banhatti index of TUCy4 [m, n] is

By (TUCy[m,n]) = (2m)[(3x4)4+ (3x4)]+ (2m)[(3x5)+(4x5)]+(m(2n—3))[(4x6)+ (4% 6)]
= 96mn — 26m.

3. First K hyper-Banhatti index of TUCy [m, ] is
_ 2 2 2 2
HBy (TUCy [m,n]) = (2m) [(3+4) + (3+4)°| + (2m) [(3+5) + (4+5)’]

+ (m (2n — 3)) [(4 +6)%+ (44 6)2]
= 400mn — 144m.

4. Second K hyper-Banhatti index of TUCy [m, n] is
_ 2 2 2 2
HB, (TUCy [m,n]) = (2m) [(3x4)" + (3% 4)| + (2m) (3 % 5)* + (4 x 5)°|

+(m (21 -3)) [(4x6)° + (4 6)’]
= 2304mn — 1630m.

5. K Banhatti harmonic index of TUCy [m, n] is

Hyrucymn) = @) |(535)+ (533) |+ e | (535) + (53)
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:m (2n—3) [(4;) - (4-2%”

O

Theorem 2. Let G be the TUCy [m, n] nanotube. Then we have

BIL, (TUC4 [m, 1’!]) — 7dm o g2m . g2m o 1(02m(2n—3)

BIL, (TUCy [m,n]) = 124 x 152" x 202" x 242m(21-3),
HBIIL (TUCy4[m,n]) = 78m o g4m o ghm o 10%m(2n-3)
HBII, (TUCy [m, n]) = 128™ x 154 x 204" x 244m(21-3),

L (TUCy ) = (3" x (1) % (37" = (1)

A

Proof. 1. First multiplicative K Banhatti index of TUC4 [m, n] is

BIL (TUC,[m,n]) = [(3+4)(2m) « (3+4)(2m)} » [(3+5)(2m) o (4+5>(2m)}

% {(4+6)(m(2n—3)) % (4+6)(m(2n73))}

—  7Am o g2m . g2m o 102171(27173)'
2. Second multiplicative K Banhatti index of TUCy [m, n] is

BIL (TUCy [m,n]) = [(3 x 4)@) (3 x 4)<2m)} x [(3 % 5) M) % (4 x 5)(2’”)}
x (4 6)" ) s (4 6) )]

= 124 x 152" x 207" x 242m(213),

3. First multiplicative K hyper-Banhatti index of TUCy4 [m, n] is

[<(3 +47) " x (3+97) (zm)] g [((3 +57) " s (a4 57) (Zm)]
% {((44_6)2)(’”(2?1—3)) o <(4+6)2)(m(2n—3))}

— 7811’1 X 84m X 94m X 104”1(21’1—3)'

HBII; (TUCy [m, n))

4. Second multiplicative K hyper-Banhatti index of TUC4 [m, n] is

e N
X [((4 % 6)2)(m(2"_3)) " <(4 y 6)2)(m(2n—3)):|
127 5 15%7 x 204" x 244721 3),

5. Multiplicative K harmonic Banhatti index of TUC4 [m, n] is
2 (2m) 2 (2m) 2 (2m) 2 (2m)
(3+4) x<3+4> 8 <3+5> ><(4+5)
2 m(2n—3) 2 m(2n—3)
(4 ¥ 6) x (4 ¥ 6)

2\ 4m 1\ 2" 2\ 2" 1 2m(2n—3)
G) -G -6) -6

HII, (TUC4 [m,n])

X
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Table 2. dge degree partition of TUZCg[m, n].

H dg(u),dg(v) : e = uv € E(G) (3,3) (2,3) H

dG (8) 4 3
Number of edges 3mn —2m  4m

O

2.2. Banhatti indices of TUZCgy[m, n]

The zigzag nanotube TUZCg[m, n], where m is the number of hexagons in the first row and 7 is the number
of hexagons in the first column. The molecular structures of TUZCg[m, | can be referred to Figure 2.

Figure 2. The 3D lattice of the zigzag TUZC;[10,7].

Theorem 3. Let G be the zigzag nanotube TUZCg[m, n]. Then we have

B1(TUZCg[m,n]) = 42mn + 16m.
By(TUZCg[m, n)) = 72mn + 12m.
HBy(TUZCe[m, n]) = 294mn + 48m.
HB,(TUZCg[m, n]) = 864mn — 108m.
Hy(TUZCg[m,n]) = Zmn — 18m.

Gk L=

Proof. Let G = TUZCg[m, n]. The edge set of TUZCg[m, n] can be divided into following classes:
Es = {uv € E(G) : dg(u) =2,d(v) =3},

E¢ = {uv € E(G) : dg(u) = dg(v) =3},

such that |Es| = 4m and |Eg| = 3mn — 2m.

The edge degree partition is given in Table 2. Now

1. First K Banhatti index of TUZC¢ [m, n] is

B1 (TUZCe[m,n]) = (Bmn—2m)[(3+4)+ (3+4)]+ (4m)[(2+3)+ (3+3)]
= 42mn + 16m.

2. Second K Banhatti index of TUZCg [m, n] is

By (TUZCg[m,n]) = (Bmn—2m)[(3x4)+ (3x4)]+ (4m)[(2x3)+ (3x3)]
= 72mn+ 12m.

3. First K hyper-Banhatti index of TUZCg [m, 1] is

HBy (TUZCg [m,n]) = (3mn —2m) [(3 +42 43+ 4)2} + (4m) [(2 +324+(3+ 3)2}
= 294mn + 48m.

4. Second K hyper-Banhatti index of TUZCg [m, 1] is

HB, (TUZCg [m,n]) = (3mn—2m) [(3 x 4)% + (3 x 4)2} + (4m) [(2 x 3)% + (3 x 3)2}
= 864mn — 108m.
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5. Kharmonic Banhatti index of TUZCg [m, 1] is

H, (TUZCe [m,n]) = (3mn—2m) [(32+4) + (3_2%)} + (4m) [(2i3) + (3_?3)}

2, 18,
7 108

O

Theorem 4. Let G be the zigzag nanotube TUZCg [m, n]. Then we have

BII; (TUZCg [m,n]) = 5% x 64 x 72m(3n-2),
BII, (TUZCg [m, n]) = 35" x 6% x 122m(31-2),
HBIIL (TUZCg [m, n]) = 55" x 68" x 74m(3n=2),
HBIIL, (TUZCy [m, n]) = 3107 x 68 x 124m(3n-2),

HII, (TUZC6 [m’n]) _ (%>4m y (%)47;1 % (%)Zm(?ﬂl—Z) '

Gk o=

Proof. 1. First multiplicative K Banhatti index of TUZC¢ [m, n] is

BIL (TUZCg [m,n]) = [(3_1_4)(31117172111) « (3+4>(3mn72m)} « {(2_1_3)(4711) y (3_1_3)(4171)}

gém o gdm o 72m(3n—2)

2. Second multiplicative K Banhatti index of TUZCg [m, 1] is

BIL, (TUZCg [m,n]) = [(3 x 4)@mn=2m) (3 4)(3*””‘2’")} x {(2 % 3)) (3 x 3)(4’”)}

— 38m y ghm g 122111(37172).

3. First multiplicative K hyper-Banhatti index of TUZC¢ [m, n] is
(Bmn—2m) (3mn—2m)
{((3+4)2) x ((3+4)) ]

x {((2 +3)?) R (3+37) (4'")]

= 53 5 g8m 74m(3n72).

HBII, (TUZCq [m, 1))

4. Second multiplicative K hyper-Banhatti index of TUZCg [m, n] is

[((3 x 4)?) Gz (6 4)2)(3m"_2m)]
X {((2 X 3)2) () X ((3 X 3)2)(4m)]

— 3lom o8 124m(3n—2).

HBIL, (TUZCg [m, 1))

5. Multiplicative K harmonic Banhatti index of TUZC¢ [m, n] is

o\ (Bmn—2m) o\ (Bmn—2m)
=) G )
1) 4m o\ 4m 2\ 2m(3n-2)
- () <G <G

HII, (TUZCg [m, 1))

2 (4m) 2 (4m)
(2+3) % <3+3>
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Table 3. Edge degree partition of TUACg[m, n].

dg(u),dg(v) :e=uv € E(G) (2,2) (3,3) (2,3)

Number of edges m  3mn—m 2m

dG (6) 2 4 3

2.3. Banhatti indices of TUACg[m, 1]

The armchair nanotube TUACg[m, n], where m is the number of hexagons in the first row and 7 is the
number of hexagons in the first column. The molecular structures of TUACg[m, n] can be referred to Figure 3.

\\n -1 /’J N\ / \\} /

/N \ /

\ n — —\\ /—
—

/N N N\

Figure 3. The 3D lattice of the armchair TUACg[m, n].

Theorem 5. Let G be the armchair nanotube TUACg[m, n]. Then we have

Gl L=

By (TUACs[m, n)) = 42mn + 16m.
By(TUACs[m, n]) = 72mn + 14m.
HB1(TUACg[m, n]) = 294mn + 56m.
HB,(TUACg[m,n]) = 864mn — 22m.
Hy(TUACe[m, n]) = Lmn + 12m.

Proof. Let G = TUACg[m, n]. we have edge set of TUACg[m, n| can be partitioned as follows:
Ey ={uv € E(G) : dg(u) = dg(v) =2},

Es = {uv € E(G) : dg(u) = 2,dg(v)

= 3},

E¢ = {uv € E(G) : dg(u) = dg(v) = 3}, such that |E4| = m, |Es| = 2m and |Eg| = 3mn — m.
The edge degree partition is given in Table 3. Now

1. First K Banhatti index of TUACq [m, n] is

By (TUACq [m, n])

= (m)[2+2)+2+2)]+ Bmn—m)[(3+4)+ (3+4)]
+(2m)[(24+3)+ (34 3)]
= 42mn + 16m.

2. Second K Banhatti index of TUACq [m, ] is

By (TUACg [m, n])

= (m)[(2x2)+(2x2)]+ Bmn—m)[(3x4)+ (3x4)]
+(2m) [(2 x 3) + (3 x 3)]
= 72mn + 14m.
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3. First K hyper-Banhatti index of TUACg [m, n] is

HBy (TUACs [m,n]) = (m) [(2+2) + (2+2)| + (3mn —m) [(3+4)° + (3+4)’]

+(2m) [(2+3) + (3+3)’]
= 29%mn + 56m.

4. Second K hyper-Banhatti index of TUACg [m, n] is
HB, (TUACs [m,n]) = (m) [(2%2)*+ (2 2)°] + (3mn —m) [(3 x 4)° + (3 x 4)°]

+(2m) [(2x 3 + (3% 3)’]
= 864mn — 22m.

5. Kharmonic Banhatti index of TUAC [m, n] is

Hy, (TUACs [m,n]) = (m)Kz-zrz)jL(z 2

O

Theorem 6. Let G be the armchair nanotube TUACq [m, n]. Then we have

BIL, (TUAC6 [m, 1’1]) — p4m y g2m . g2m 72m(3n71)'

BIL, (TUACg [m,n]) = D4m o 3dm o p2m o 92m(3n—1)
HBIIL (TUACg [m, n]) = 28™ x 54 x g4m x 74m(3n=1),
HBIIL (TUACg [m, n]) = 287 x 38 x g4 x 74m(Gn=1)

2m 2m o p\2m(3n-1
HII, (TUACs [m,n]) = (3) 7 x (§)7 x (2) x (2)2mOn D)

Gk o=

Proof. 1. First multiplicative K Banhatti index of TUACs [m, n] is

BIL (TUACe [m,n]) = [(2+2)(m) % (2_’_2)(7?1)} % [(3+4)(3mn—m) % (3+4)(3mn—m)}
x {(2+3)<2m) x (3+3)<2m)}

o4 o 52m o p2m 72m(3n—1)'

2. Second multiplicative K Banhatti index of TUACs [m, n] is

BIL (TUAC6 [m, I’ZD = |:(2 X 2)(”1) X (2 % 2)("1)} % [(3 > 4)(3mn—m) % (3 % 4)(3mn—m):|

X {(2 x 3)2") (3 x 3)(2’”)}

— 24m X 34711 X 62m X 122”1(31’1—1).

3. First multiplicative K hyper-Banhatti index of TUAC¢ [m, n] is
HBII; (TUACs [m,n]) = [((2 + 2)2) " ((2 + 2)2) (m)]

x {((3 + 4)2) (=) ((3 v 4)2) (3"1"_7")}
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X [((2 + 3)2) e ((3 n 3)2) (zm)}

28m o g o pdit o 74m(3n71)'

4. Second multiplicative K hyper-Banhatti index of TUACs [m, n] is

{((2 x 2)2) . ((2 x 2)2)("1)}

X 3 x 4)? (G x ((3x4)? (=)
(39?) (6x97?)
x [((2 x 3)2)(2'") % ((3x3)%) (2'”)]

— 28711 X 381’!’! X 64111 X 124711(37171).

HBII, (TUACg [m, 7))

5. Multiplicative K harmonic Banhatti index of TUACq [m, n] is
()" (2]
2+2 2+2
7\ (@m) 7\ (2m)
(5) ()|
1\2m 1)\ 2m 2\ 2m o\ 2m(3n-1)
=) GGG

HII, (TUACe [m,n]) =

) (Bmn—m) 2 (3mn—m)
(3 + 4) 8 (3 T 4) ]

O

2.4. Banhatti indices of NPHX|p, q|

H-Naphtalenic nanotubes NPHX[p, q] (where p and g are denoted as the number of pairs of hexagons
in first row and the number of alternative hexagons in a column, respectively) are a trivalent decoration with
sequence of Cq, Cg, C4, Co, Cg, Cy, ... in the first row and a sequence of Cg, Cg, Cg, Cg, . .. in the other rows. In
other words, this nanolattice can be considered as a plane tiling of C4, Cg, and Cs. Therefore, this class of tiling
can cover either a cylinder or a torus 4.

Figure 4. Naphthylenic nanotubes.

Theorem 7. Let G be the H-Naphtalenic nanotube NPHX [m, n]. Then we have

1. Biy(NPHX|[m,n]) = 210mn — 52m.
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Table 4. Edge Edge degree partition of NPHX[m, n].

H dg(u),dg(v) : e = uv € E(G) (3,3) (2,3) H
dG (6) 4 3
Number of edges 15mn —10m  8m

2. Bo(NPHX[m,n]) = 360mn — 120m.

3. HB{(NPHX[m,n]) = 1470mn — 492m.
4. HBy(NPHX[m,n]) = 4320mn — 1944m.
5. Hy(NPHX[m,n]) = Qmn — Zm.

Proof. Let G = NPHX[m, n], then we have edge division of edge set E(NPHX[m, n]) as follows: E5s = {uv €
E(G) :dg(u) = 2,dg(v) = 3},

E¢ = {uv € E(G) : dg(u) = dg(v) =3},

such that |Es| = 8m and |E¢| = 15mn — 10m.

The edge degree partition is given in Table 4. Now

1. First K Banhatti index of NPHX [m, n] is

By (NPHX [m,n]) = (15mn—10m)[(3+4)+ (3+4)]+ (8m)[(2+3)+ (3+3)]
= 210mn — 52m.

2. Second K Banhatti index of NPHX [m, n] is

B, (NPHX [m,n]) = (15mn—10m)[(3 x 4) + (3 x 4)] + (8m) [(2 x 3) + (3 x 3)]
= 360mn — 120m.

3. First K hyper-Banhatti index of NPHX [m, n] is
HBy (NPHX [m,n]) = (15mn —10m) [(3+4)" + (3+4)°| + (8m) [(2+3)* + (3+3)’]
= 1470mn — 492m.
4. Second K hyper-Banhatti index of NPHX [m, n] is
HB, (NPHX [m,n]) = (15mn — 10m) {(3 x 4)2 + (3 x 4)2] + (8m) {(2 x 3)2 + (3 x 3)2}
= 4320mn — 1944m.
5. Kharmonic Banhatti index of NPHX [m, n] is

H, (NPHX [m,n]) = (15mn —10m) [(3i4> + <32+4ﬂ + (8m) [(2i3> + <3i3>}
60 33

- 7”’”’1_ 77’”

O

Theorem 8. Let G be the H-Naphtalenic nanotube NPHX [m, n]. Then we have

BIIL; (NPHX [m, nD — 58m . @8m o 710m(3n—2)
BII (NPHX [m,n]) = 65 x 98" x 1210m(31-2),
HBIL (NPHX [m, nD — plém y glom o 720m(3n72).
HBII, (NPHX [m, n]) = 610" x 916m 5 1220m(3n-2)

Gtk =

7
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Proof. 1. First multiplicative K Banhatti index of NPHX [m, n] is

BIL (NPHX [m, n]) = [(3+4)(15mn710m) % (3+4)(15mn710m)} % {(2+3>(8m) % (3+3>(8m)}

— 5¥m  g8m 710m(3n—2).
2. Second multiplicative K Banhatti index of NPHX [m, n] is

BIL (NPHX [m,n]) = {(3 x 4)(15mn=10m) o (3o 4)(15m”‘10’")} x {(2 % 3) M) (3 x 3)(8*”)}

— %M 98m 1210111(31172)'

3. First multiplicative K hyper-Banhatti index of NPHX [m, n] is

HBIL (NPHX [m,n]) = {((3+4)2>(15mn—10m)

X ((3+4)

(o5 045"

glom o glom o 720m(3n72)'

2) (15mn—10m)]

4. Second multiplicative K hyper-Banhatti index of NPHX [m, n] is
15mn—10 15mn—10
HBIL (NPHX [m,n]) = {((3+4)2)( 1 ((3+4)2>( mn m)]

x [((2 + 3)2) o ((3 + 3)2) (Sm)]

616111 X 916m X 1220”1(31’[—2)

5. Multiplicative K harmonic Banhatti index of NPHX [m, n] is

2 (15mn—10m) 2 (15mn—10m)
<3 + 4) . (3 + 4>
2 (8m) 2 (8m)
(2 + 3> 8 (3 + 3)
2 8m y 1 8m y 2 10m(3n—2)
5 3 7 ‘

HII, (NPHX [m,n])

X

O

2.5. Banhatti indices of SC5C7[p, q]

In nanoscience, SC5Cy[p, q| (Where p and g express the number of heptagons in each row and the number
of periods in whole lattice respectively) nanotube is a class of C5C7-net which is yielded by alternating Cs
and Cy. The standard tiling of Cs and C; can cover either a cylinder or a torus and each period of SC5C7[p, g]
consisted of three rows (more details on pth period can be referred to in Figure 5.

Figure 5. ith period of SC5Cy[p, 4] nanotube.

Theorem 9. Let G be the SC5Cy[p, q] nanotube. Then we have
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Table 5. Edge degree partition of SC5Cy[p, q].

H dg(u),dg(v) :e=uv € E(G) (2,2) (3,3) (2,3) H

dg(e) 2 4 3
Number of edges p 12pg—9p  6p

B1(SCsCylp, q]) = 168pg — 52p.
Bz(SC5C7[p, q]) = 288pq — 118p.
HB1(5C5Cy[p,q]) = 1176pg — 484p.
HB,(5Cs5Cy[p,q]) = 3456pq — 1858p.
Hy(SCsCrlp, q)) = Fpa + 5.

AR R

Proof. Let G = SCs5Cy[p, q|. There are following three types of edges of SC5Cy[p, q], based on the degree of end
vertices E4(G) = {uv € E(G) : dg(u) = dg(v) =2},

E5(G) = {uv € E(G) : dg(u) = 2,do(0) = 3},

E¢(G) = {uv € E(G) : dg(u) = dg(v) =3},

such that

|E4(G)| = p,|E5(G)| = 6p and |E¢(G)| = 12pg — 9p. The edge degree partition is given in Table 5.

Now

1. First K Banhatti index of SC5Cy [p, q] is

Bi (5CsCrlp.ql) = (p)[2+2)+(2+2)]+ (12pg —9p) (3 +4) + (3 +4)] + (6p) [(2+3) + (3 +3)]
= 168pq — 52p.

2. Second K Banhatti index SC5Cy [p, q] is

B2 (SC5Cr [p.q)) = (p)[(2x2) +(2x2)]+ (12p7 — 9p) [(3 x 4) + (3 x 4)] + (6p) [(2 X 3) + (3 x 3)]
= 288pg —118p.

3. First K hyper-Banhatti index SC5C7 [p, q] is

HBy (SCsCr [p.al) = (p) [(2+2)° +(2+2)%] + (12pg — 9p) [(3+4) + (3+4)7]

+(6p) [(2+3)" + (3+3)?]
= 1176pq — 484p.

4. Second K hyper-Banhatti index SC5C7 [p, q] is

HB, (SCsC7 [p,q]) = (p) [(2x2)%+ (2% 2| + (12pq — 9p) [(3 x 4 + (3 x 4)’]

+(6p) [(2x3) + (3 x 3)?]
—  3456pq — 1858p.

5. K harmonic Banhatti index SCs5C7 [p, q] is

H,, (SCs5C7 [p, q])
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Theorem 10. Let G be the SC5Cy [p, q] nanotube. Then we have
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G o=

BII; (SC5C7 [p, q]) = 42 x 57 x 6F x 76P141-3).

BII, (SC5C7 [p, q]) = 4%% x 6F x 9P x 126P(41-3),
HBII, (SC5Cy [p,q]) = 4% x 52 x 62 x 72p(41-3),
HBII, (SC5Cy [p, q]) = 4% x 62F x 9%P x 1212v(49-3),

HII, (SC5C7 [p,q]) = (%)2” < (2)F x @)P « (3)%0-)

Proof. Using Table 5, we have

1.

O

First multiplicative K Banhatti index SC5Cy [p, q] is

BIL (SC5Cr [pql) = [242)) x 2427 x [(344)017%) x (3.4-4) (0200757

x [243) ) x (343)]

= 4% x 5P x 6F x 70P(41-3),
Second multiplicative K Banhatti index SCsCy [p, q] is

BIL (SCsCy [p,q]) = [(2 % 2)P) x (2 x 2)“’)} x [(3 x 4)(12P9-99) 5 (3 % 4)“2%9”)]
X [(2 x 3)P) % (3 x 3)(6’])}

= 4% x 6P x 9P x 120P(41=3)
First multiplicative K hyper-Banhatti index SC5Cy [p, q] is
(p) (p) (12pq—9p) (12pq—9p)
HBIL (SCsCy [p,q]) = [((2 +27°)" x (2+2)) ] x [((3 +4)°) x (3+4)) ]

o {<(2+3)2)(6P) y ((3+3)2)(6p)}

4% x 5% x 6% x 712P(41-3)

Second multiplicative K hyper-Banhatti index SC5C7 [p, q] is

HBIL (SC5C7 [p,q]) = [((2 y 2)2)(17) o <(2 y 2)2)(17)] " [((3 " 4)2>(12p‘7—9p) " ((3 " 4)2)(12p‘7—9p)]
x {((z x 3)2)(6p) % ((3 % 3)2)(6”)}

4% % 62P x 92P x 1212r(41-3)

. Multiplicative K harmonic Banhatti index SCsCy [p, q] is

HII, (SCsCr [p,q]) =

2 (p) 2s (p)
(2+2> % <2+2> x
2 (6p) 2 (6p)
<2+3> X (3+3)
1\ 2 2\ P 1\* 2\ 6P (47-3)
= — X — X — X = .
() () () <)

o\ (12p7—9p) o\ (12pq—9p)
<3 T 4) . (3 T 4)

2.6. Banhatti indices of VC5C;[p, g]

The molecular graphs of carbon nanotubes VCs5Cy[p,q| is shown in Figure 6. The structures of this

nanotubes consist of cycles C5 and C7 (C5C; net which is a trivalent decoration constructed by alternating
Cs and Cy) by different compound. It can cover either a cylinder or a torus. The 2 dimensional lattice of
VCsCy[p, q| is shown in Figure 7.
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Figure 6. Molecular graph of VCsCy[p, q].

Figure 7. 2 dimensional lattice of VC5Cy[p, q].

Theorem 11. Let G be the VCs5Cy[p, q] nanotube. Then we have

By (VC5C7[p, q]) = 336pq + 48p.
Bo(VCsCy[p, q]) = 576pq + 36p.
HB;1(VCsCr[p,q]) = 2352pq + 144p.
HBz(VC5C7[p, q]) = 6912pq — 324p.
Hy(VCsCrlp,q]) = Fpa+ 52p.

Gk L=

Proof. Let G = VC5Cy[p, q]. Then the edge set of VC5Cy[p, q] can be partitioned into following two classes:
E¢ = {uv € E(G) : dg(u) = dg(v) =3},

Es = {uv € E(G) : dg(u) = 2,dg(v) = 3},

such that |Eg| = 24pgq — 6p and |Es| = 12p.

The edge degree partition is given in Table 6. Now

1. First K Banhatti index of VCsCy [p, q] is

B (VCsCrlp,al) = (24pq—6p) [(3+4) + (B3+4)] + (12p) [(2+3) + (3+3)]
= 336pq + 48p.

2. Second K Banhatti index of VCsCy [p, q] is

By (VCsCrlp,al) = (24pq—6p) [(3x4) + (3 x 4)] + (12p) [(2 X 3) + (3 x 3)]
= b576pq + 36p.

3. First K hyper-Banhatti index of VC5Cy [p, q] is

HB1 (VCsCr [p.q]) = (24pg—6p) [(3+4)"+(3+4)| + (12p) [2+3)" + (3+3)]
= 2352pq + 144p.

Table 6. Edge degree partition of VC5Cy[p, q].

dg(u),dg(v) :e =uv € E(G) (3,3) (2,3)
dG(e) 4 3
Number of edges 24pg—6p 12p
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4. Second K hyper-Banhatti index of VC5C7 [p, q] is

HB, (VCsCr[p.g)) = (24pg —6p) [(3x4) + (3 x 4| + (12p) [(2 % 3)” + (3 x 3)°]
= 6912pq — 324p.

5. K harmonic Banhatti index of VCsCy [p, q] is

Hy, (VCsCr[p.q]) = (24pg—6p) [(314) + (342r4>} +(12p) [(2-2%) * <3i3>}

_ %, .18
- 7Tl

O

Theorem 12. Let G be the VC5Cy [p, q| nanotube. Then we have

BII; (VC5Cy [p, q)) = 5'2 x 6!27 x 712P(41),
BII, (VCs5Cy [p,q]) = 3'2F x 612F x 1212p(49-1),
HBIL (VCsCr [p, q]) = 5% x 6240 x 724140 -1),
HBIL (VC5Cy [p, q]) = 3% x 6247 x 122449 -1),

12p(49—1 12 12p
HIL (VGG [p,q)) = (3) 70 < (1) < (3) .

SNBSS

Proof. 1. First multiplicative K Banhatti index of VCsC7 [p, q] is

BIL; (VCsCr [p,q)) [(3+4) 24170 5 (34 4)2176)]  [(2.4:3)2) x (3.4 3)17)]

— 512 w6127 « 712p(4q—1)'
2. Second multiplicative K Banhatti index of VC5Cy [p, q] is

BII (VCsCr[p,q]) = [(3 x 4)24P9-0P) (3 x 4)(24’7‘7_6”} X [(2 x 3)12P) (3 x 3)(12”)}

3. First multiplicative K hyper-Banhatti index of VCsCy [p, q] is
(24pg—6p) (24pg—6p)
{((3+4)2) x (3+4)°) }

« [((2 +3)?) - (6+37) (12,,)}

— 5% 24P « 724p(4q—1)'

HBII (VCs5Cr [p, q])

4. Second multiplicative K hyper-Banhatti index of VCsC7 [p, q] is
24pg—6 24pg—6
{((3 X 4)2>( pi-er) X ((3 X 4)2)( " ”)}

X [((2 X 3)2)(12p) X ((3 X 3)2> (12p)}

— 324p X 624p X 1224;7(4!]—1).

HBII, (VCs5C7 [p, q])

5. Multiplicative K harmonic Banhatti index of VCsCy [p, q] is

9\ (24pg—6p) 9\ (24pg—6p)
(3 ¥ 4) 8 (3 ¥ 4) 8

2 12p(49-1) 2 12p 1 12p
-G 66

HIIh (VC5C7 [p, q]) =

2 (12p) 2 (12p)
(2 +3> 8 (3 +3)
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Table 7. Edge degree partition of HC5Cy[p, q].

dg(u),dg(v) :e=uv e E(G) (2,2) (3,3) (2,3)
dg(e) 2 4 3
Number of edges p 12pg—4p  8p

O

2.7. Banhatti indices of HC5C;[p, q]

The molecular graphs of carbon nanotubes HC5C7[p, q] is shown in Figure 8. The 2 dimensional lattice of

Figure 8. Molecular graph of HC5C7[p, q].

HCsCy[p, q] is shown in Figure 9.

Figure 9. 2 dimensional lattice of HC5C;[p, q].

Theorem 13. Let G be the HCs5Cy[p, q] nanotube. Then we have

B (HCsCr(p, q]) = 168pq + 40p.
Bz(HC5C7[p, q]) = 288]95] + 32p.
HB1(HCs5Cy[p, q]) = 1176pq + 128p.
HB,(HCsCy[p, q]) = 3456pq — 184p.
Hy(HCsCr[p,q) = Fpa + 35p-

Gk L=

Proof. Let G = HCs5Cy[p, gq|. Then the edge set of HC5Cy[p, g] can be partitioned as follows:
Ey={uv € E(G) : dg(u) = dg(v) =2},

Es = {uv € E(G) : dg(u) =2,dg(v) =3},

E¢ = {uv € E(G) : dg(u) = dg(v) = 3},

such that |E4| = p, |Es| = 8p and |E¢| = 12pgq — 4p.

The edge degree partition is given in Table 7. Now
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1.

2.

3.

4.

5.

O

First K Banhatti index of HC5Cy [p, q] is

Bi (HGsCr [p,q]) = (p)[(2+2)+(24+2)]+ (12pg —4p) [(3+4) + (3 +4)]
+(8p) [(243) + (3+3)]
= 168pq + 40p.

Second K Banhatti index of HC5Cy [p, q] is

By (HCsCr [p.q]) = (p)[(2x2) +(2x2)]+ (12p7 — 4p) [(3 x 4) + (3 x 4)]
+(8p) [(2x3)+ (3 x3)]
= 288pq + 32p.

First K hyper-Banhatti index of HC5Cy [p, q] is

HBy (HCsC7 [p,q]) = (p) [(2+2)° +(2+2)| + (12pg — 4p) [(3+4)* + (3+4)’]

+(8p) [(2+3) + (3+3)]
— 1176pq + 128p.

Second K hyper-Banhatti index of HC5C7 [p, q] is
HB, (HCsC7 [p.q]) = (p) |2 %2>+ (2% 2)°| + (12p9 — 4p) [ (3 x 4) + (3 x 4)?]

+(8p) [(2x3) + (3 x 3)?]
= 3456pq — 184p.

K harmonic Banhatti index of HC5Cy [p, q] is

Hy (HCsC [p,q]) = (P)[(2+2> ( izﬂJ“ 12pq_4’”){<3i4>+<3i4>}

+ (8p) {<2+3> <3+3>}

_ 0,

Theorem 14. Let G be the HC5Cy [p, q] nanotube. Then we have

BRSNS

Proof.

BIIy (HC5Cy [p,q]) = 2% x 5% x 6% x 78731 1),

BII, (HCsCy [p,q]) = 2% x 3107 x €8P x 128P(31-1),
HBIIL (HC5Cy [p, q]) = 287 x 5167 x 6167 x 716p(34-1),
HBIIL (HC5C; [p, q]) = 216 x 5527 x 6327 x 732p(31-1),

2p 8p 8 8p(3g—1)
HIL (HGsCr [p,a) = (1) < (3) 7 < (B < ).
1. First multiplicative K Banhatti index of HC5Cy [p, q] is

BIL (HCsC; [p,q]) = [(2+2)(P> x (2+2)(P)] x [(3+4)<12P‘1‘4P> x (3+4)(12W‘4P)}

x |2+3)®) x (3+3)]

= 2% % 5% x 689 x 78P(3a-1),
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2. Second multiplicative K Banhatti index of HC5C7 [p, q] is

BIL (HCsCy [p,q]) = [(2 % 2)P) x (2 x 2)(P)] x [(3 x 4)(12P74P) (3 % 4)(121"7*4*’)}

x [(2%3)®) x (3x3)]

= 2% % 3100 x 687 x 128P(31-1),

3. First multiplicative K hyper-Banhatti index of HC5Cy [p, q] is

HBII, (HC5C; [p,q]) = {<(2+2>2)(p) y <(2+2)2)(p)] y [((3+4)2)<12pq_4p) ) ((3+4)2)(12pq_4p)]

x {((z + 3)2) o ((3 + 3)2)(8”)}

_ 28p % 516]9 X 616p % 716]?(3(]—1)'

4. Second multiplicative K hyper-Banhatti index of HC5Cy [p, q] is

HBIL, (HCsC7 [p,q]) = [((2 % 2)2)(P) y ((2 « 2)2)(17)] " [((3 y 4)2)(1217%417) " ((3 " 4)2)(12pq4p)]

X {((2 X 3)2)(8p) X ((3 X 3)2)(8;7)}

= 287 x 3% x 6107 x 12167(37-1),

5. Multiplicative K harmonic Banhatti index of HC5Cy [p, q] is
<2>(p)x<2>(p)]><
2+2 2+2
2\ (8p) 2\ (8p)
(75) ()
1\ 2P 1\ 87 2\ 8 2\ 8p(33-1)
=) 6 GG

HIIL, (HCsC7 [p,q]) =

o\ (12pg—4p) o\ (12pg—4p)
<3+4> 8 <3+4>

O
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