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Abstract— Chemical graph theory is a branch of graph theory which focuses on the topological indices of chemical molecular
graphs, which correlate well with chemical properties of the chemical molecules. Topological indices play important role in
mathematical chemistry especially in the quantitative structure-property relationship (QSPR) and quantitative structure-activity
relationship (QSAR) studies. In this article, we compute the sum connectivity index, product connectivity index, geometric-
arithmetic index and inverse sum indeg index for Carbon Nanocones [CNC,(n)] and Nanotori [C4C¢Cs(p,q)].
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l. INTRODUCTION

Let G be a simple connected graph with vertex set V and
edge set E. In chemical graph theory the vertices and edges
corresponds to the atoms and bonds of the molecular graph
respectively. If e is an edge/bond of G, that connects the two
vertices/atoms u and v, then we write e = uv and say that the
two vertices “U and v are adjacent” also the “vertex u and
edge e are incident with each other, as v and e”. For a vertex
v, the number of edges incident to the vertex v is called the
degree of vertex v, is denoted asS d,. For undefined
terminologies we refer[1].

A number which is used to characterize some property of the
graph of a molecule is called a topological index for that
graph. There are numerous topological descriptors that have
found applications in theoretical chemistry, especially in
QSPR/QSAR research [2]. The oldest topological index
introduced by Harold Wiener in 1947 is ordinary (vertex)
version of Wiener index [3] which is the sum of all distance
between vertices of a graph.

WG)= >.d(,v) 1)

(u,v)eVv (G)

In [4], Zhou et al. introduced the sum connectivity index of a
graph G, which is defined as,
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X@G)= > 2)

1
wyee(e) 4/ (d, +d,)

The product connectivity index or Randi¢ index of a graph G
was proposed by Randi¢ in [5] and is defined as,

1
X(G) = — 3)
(uv)eZE:(G) J(d, xd,)

In [6], VukiCevi¢ et al. invented a new topological index
i.e.,”geometric-arithmetic index” of a graph G, is denoted by
GA(G) and is defined by

2 Jd xd
GAG)= ¥ w2y

wyee(e) 4/(d, +d,)

In [7], VukiCevi¢ and Gasperov defined the inverse sum
indeg index of graph G, is defined as

(4)

ISIG)= > d, xd, (6)

e (dy +d,)
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Since 1968, Carbon Nanocones have been observed on
the surface of naturally occurring graphite [8]. The walls of
the Carbon Nanocones are usually curved and slightly regular
to those Nanocones which are made in laboratory. Their
bases are connected to the graphite and their length disparate
between 1 to 40 micrometers.

Carbon Nanostructures have attained significant
attention due to their potential use in many applications
including biosensors, nano-electronic devices, chemical
probes, gas sensors and energy storage [9]. Carbon
Nanocones are one of the forms of carbon Nanostructures
and these have been proposed as possible molecular gas
storage devices. Recently, carbon Nanocones have attained
increased scientific interest to their unique properties and
promising uses in many novel applications such as energy
and gas storage [10].

Carbon Nanotubes form an interesting class of carbon
nanomaterials. There are three types of nanotubes: armchair,
chiral and Zigzag structures. Carbon Nanotubes show
remarkable mechanical properties. Experimental studies have
shown that they belong to the stiffest and elastic known
materials. Diudea was the first chemist who considered the
problem of computing topological indices of nanostructures
[11,12, 13, 14].

Il. RESULTS AND DISCUSSION

i. Priliminaries of Carbon Nanocones [CNC(n)]

In 1994, Ge and Sattler invented Carbon Nanocones [15] and
are constructed from a graphene sheet by removing a 60
wedge and joining the edges produces a cone with single
pentagonal defect at the apex. Removing additional wedges
introduces more such defects and reduces the opening angle.
A cone with pentagons has an opening angle of zero and is
just a nanotube with one open end. We refer the references
[16, 17, 18, 19] for some results on Carbon Nanocones.

o E

CNC3(3)

CNCSG) CNCs(4)

Figure 1: Depicts growth of carbon Nanocones namely
CNC4(2), CNC4(3), CNC5(3) and CNC,(4).

* We need the following remarks to construct the results.
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Remark A. [20] The graph CNCy(n) contains kn? vertices
and kz—n (3n — 1) edges.

Remark B. The graph CNC(n) have the vertices are of
degree 2 and 3 (see fig. 1). We have taken edge partitions
based on the degrees of the end vertices of each edge, which
is as follows:

E,, ={uveE(G)/d, =2,d, =2}=|E,,|=k
E,;={uveE(G)/d, =2,d, =3} = |E,,|=2k(n—1)
E33

{uveE(G)/d, =3,d, =3} =|E,| :g(n -1)(3n-2)

ii. Results For The Carbon Nanocones [CNC(n)]

In this section, we compute sum connectivity index,
Product connectivity index, geometric- arithmetic index and
inverse sum indeg index for carbon Nanocones [CNC,(n)].

Theorem 2.1. Let CNCy(n) be the Carbon Nanocones Vk, n
€ N and k > 3. Then the sum connectivity index of CNC(n)
is,

1 2 3n—-2

Proof. Consider the graph carbon Nanocones CNCy(n), ¥k, n
€ Nand k > 3. By remark A, the graph CNCy(n) contains kn?

vertices and [%" (3n — 1)] edges.

Now to compute the sum connectivity index of CNCy(n)
graph, we refer the remark B.

From equation (2),

1

(uv)sE%‘Ck(”)) m

1 k 1
}+2Hn—D[J2+3}+Z(n—DBn—Z{J§+3}

X (CNC, (n)) =

=|{ L
N2+2

On simplification we get,

1 2 3n-2
X[CNCk(n)]_k[§+(n—l)(E+ NG ﬂ .

Theorem 2.2. Let CNCy(n) be the Carbon Nanocones vk,ne
N and k > 3. Then the product connectivity index of CNCy(n)
is,
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3n?2 -5n+5 2(n-1) Theorem 2.4. Let CNCy(n) be the Carbon Nanocones vk, n
X[CNC, (nN)]=k + . . .
6 J6 € N and k > 3. Then the inverse sum indeg index of CNC,(n)
is,
Proof. Consider the graph CNC(n), ¥k, n € N and k > 3. ISI[CNC, (n)] = k 45n° —27n+2
Now we consider the remark B, to compute the product 20
connectivity index or Randi¢ index of CNC,(n) graph.
From equation (3),
- 1 Proof. Consider the graph CNC(n), ¥k, n € N and k > 3.
X(CNC, (n) = k
(uv)seg;:cm» J(d, xd,) Now to compute the inverse sum indeg index of CNCy(n)
1 1 k 1 graph, we consider the data from remark B.
=k k(n— ~(n- -2) ——
L/zxz}+2 n DL/zxs}+ (=@ Z)L/st From equation (5),
d, xd
smnlificati ISI(CNC = vy
On simplification we get, (CNC, (M) (uv)sE(ECl:\le(n)) d, +d,)
) k{zxz} +[2k(n- Exﬂ{z(n-1)(3n-2)}E’xﬂ
— — 242 + +
X[CNC, (n)] = k 3n 5n+5+2(n 1
6 J6

On simplification we get,

Theorem 2.3. Let CNCy(n) be the Carbon Nanocones vk, n

o . 2
€EN and_ k > 3. Then the geometric-arithmetic index of ISI[CNC, (n)] = k 45n 27n+ 2
CNCy(n) is, 20
4\/_ 3n —
GAICNC, (n)] = k{1+(” 1)[ 5 ﬂ iii. Priliminaries of Nanotori [C,C¢Cs(p, q)]

The Nanotori are obtained from a graphene sheet rolled into
a carbon nanotube with the ends joined together to form a
torus.

Proof. Consider the graph CNC,(n), vk, n € N and k > 3

Now to construct geometric-arithmetic index of CNCy(n), we
consider the edge partition from remark B.
From equation (4),

Z 2,d, xd,

GA(CNC, (n)) =
‘ wye@ic,m (d, +d,) G GGGz, 2)
:k{zx/zx 2}[%(”_ ){2\/2x } {( iy _2)}{2\/3@}
2+2 2+3 2 3+3

CiCsCs(4, 4)

On simplification we get, . .
P g Figure 2: Some examples of Nanotori namely C,CsCsg(3, 2),

CaCeCs(2, 2) and C,CeCs(4, 2).

GA[CNC, (n)] = k{1+(n 1)(4‘55— 3”2_ H

* We need the below mentioned remark to construct the
results.

Remark C. The graph Nanotori [C,CsCg(p, q)], with p-
number of columns (which contains benzene rings) and g-
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number of rows (which contains benzene rings), vp, q € N.
The graph [C4CsCs(p, Q)] contains (6pq + 4q + p) vertices
and (9pq + 2q) edges. The graph [C4C¢Cs(p, q)] have the
vertices of degree 1, 2 and 3 (see fig. 2). We have taken edge
partitions based on the degrees of the end vertices of each
edge, which is as follows:

E,y = e E(G)/0, =1.d, =3/=|E,;|=4q+ p
Eas Z{UVe E(G)/d, =2.d, :3}3‘E23‘:2p
E,, = € E©)/d, =3.d, =3} = |E4| =3p(3a -1 - 20

iv. Results for Nanotori [C4C¢Cs(p, 9)]

In this section, we compute the four topological
indices namely sum connectivity index, product connectivity
index, geometric-arithmetic index and inverse sum indeg
index for nanotori [C,CsCg(p, )]

Theorem 2.5. Let [C4CsCg(p, g)] be the Nanotori with p
columns and g rows vp, g € N. Then the sum connectivity
index of [C4CsCg(p, Q)] is,

X[C,CeCy (P, a)] =3pq {M} 4a

2./5 3

Proof. Consider the graph Nanotori [C,CsCs(p, q)] with p
columns and g rows vp, q € N.

By remark A, we compute the sum connectivity index for
graph [C4CeCs(p, 0)].

From equation (2),

1
X(C,CsCy(p,0) =
e (uv)eE(CachCa(PwQ)) (d, +d,)
1 1 L
—(p+4 +[2 +13p@a-1)-20] —
o) s ool Lol -aa]

On simplification we get,

X[C,C4Cq (P, )] =3pa + [M} 4

2.5 3

Theorem 2.6. Let [C4CeCs(p, )] be the Nanotori with p

columns and g rows ¥p, g € N. Then the product connectivity

index or Randi¢ index of [C4CeCs(p, Q)] iS,

p(v2 —/3+1) N q@2-2v3
V3 33

X[C,C:Cqy(p,a)]=3pq {
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Proof. Consider the graph Nanotori [C4CsCsg(p, q)] with p
columns and q rows Vp, q € N. Now to compute the product
connectivity index or Randi¢ index for graph [C4CsCsg(p, Q)]
Nanotori, we consider the remark C.

From equation (3),

1

WECCC () y/(dy xd,)
~ (p+4q) {1}[2;)]{ L }+[3p<3q—1)—2q]{1}
Vix3 2x3 J3x3

On simplification we get,

X (C4C6C8 ( P, q)) =

X[c4cecs<p,q)]=3pq+{p(ﬁ ‘f”’HW-Zﬂ

V3 33

Theorem 2.7. Let [C4C¢Cs(p, q)] be the Nanotori with p
columns and q rows Vvp, g € N. Then the geometric-
arithmetic index of [C,CsCs(p, 9)] s,

543 +124/6 — 30)
10

GAC,CeCq(p,a)]=9pq + p{ +29(V3-1)

Proof. Consider the graph Nanotori [C4CsCg(p, q)] with p
columns and g rows Vp, g € N. Now we consider the remark
C to compute the geometric-arithmetic index for graph
[C4CoCs(p, 0)]-
From equation (4),
2,/(d, xd,)
GA(C,C,Cq(p,q)) =
(el (uv)eE(C%cB(p,q» (d, +d,)
B 21x3 22x3
—(p+4Q){(l+3)}+[2P] { 2+3)

}+[3p(3q—1)—2q] {Nﬁ}

(3+3)

On simplification we get,

GAIC,C,Cy (p, )] =9p + D{MM} +2q(J3-1)"

10

Theorem 2.8. Let [C4CsCs(p, q)] be the Nanotori with p
columns and g rows Vp, g € N. Then the inverse sum indeg
index of [C4CsCg(p, Q)] is,

153 ]

P
ISI[C,CsCq(p, )] =—| = + 27
[C.CeCs(p, )] 2[10+ q

Proof. Consider the graph Nanotori [C4CsCg(p, q)] with p
columns and g rows Vp, q € N. Now to compute the inverse
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sum indeg index of graph [C4,CeCs(p, q)] Nanotori, we

consider the edge partition of graph from remark C.

From equation (5),

(d, xd,)

IS1(C,C,C,(p,q)) = oy
(CLLolp.a) weCacpa (d, +d,)

1x3 2x3 3x3
= (p+4q) {m}kp] [m}[sp(sq—l)—m] [M}

On simplification we get,

153
ISI[C,CCy (p. )] =§[ﬁ + 27q] \

CONCLUSION AND FUTURE SCOPE

In this article we studied about Nanocones and Nanotories
and also applied analytical methods to compute the
topological indices namely Sum connectivity index, Product
connectivity index, Geometric-arithmetic index and Inverse
sum indeg index for these Nanocones and Nanotories. Hence
Obtain the results. Nevertheless, there are some more
topological indices were exist, one can apply and compute
those indices for the above mentioned structures.

ACKNOWLEDGMENT

The authors are thankful to university Grants Commission
(UGC), Govt. of India for financial support through research
grant under F1-17.1/2017-18/RGNF-2017-18-SCKAR-
39176 /(SA-111/Website).

REFERENCES

[1] F. Harary, “Graph Theory”, Addison - Wesely, Reading, 1969.

[2] R. Todeschini, V. Consonni, “Handbook of Molecular Descriptors”,
Weinheim, Wiley-VCH, 2000.

[3] H. Wiener, “Structural determination of paraffin boiling points”,
Journal of the American Chemical Society, VVol.69, pp. 17-20, 1947.

[4] B. Zhou and N. Trinajsti¢, “On a Novel Connectivity Index”, Journal
of Mathematical Chemistry, Vol.46, pp. 1252-1270, 2009.

[5] M. Randi¢, “On Characterization of Molecular Branching”, Journal
of the American Chemical Society, Vol.97, Issue.2, pp.6609-6615,
1975.

[6] D. Vukicevi¢, B. Furtula, “Topological Index Based on the Ratios of
Geometrical and Arithmetical Means of End-Vertex Degrees of
Edges”, Journal of Mathematical Chemistry, Vol.46, pp.1369-1376,
2009.

[7] D. Vukicevi¢ and M. Gasperov, “Bond Additive Modeling 1. Adriatic
Indices”, Croatica Chemica Acta, Vol.83, pp. 243-260, 2010.

[8] J. Gillot, W. Bollmann and B. Lux, “Cristaux De Graphite En Forme
De Cigare Et A Structure Conique”, Carbon, Vol.6, Issue.3, pp.381-
384, 1968.

[9] S. lijima, “Helical Microtubules of Graphitic Carbon”, Nature,

Vol.354, pp.56-58, 1991.

© 2018, IJSRMSS All Rights Reserved

Vol.5(2), Apr 2018, E-ISSN: 2348-4519

[10] M. Yudasaka, S. lijima and V. H. Crespi, “Single-wall Carbon
Nanohorns and Nanocones”, Topics in Applied Physics, Vol.111,
pp.605-629, 2008.

[11] M. V. Diudea, “Graphenes From 4-Valent Tori”, Bulletin of the
Chemical Society of Japan, Vol.75, pp.487-492, 2002.

[12] M. V. Diudea, A. Graovac, “Generation and Graph-Theoretical
Properties of C4-Tori”, MATCH Communication in Mathematical
and in Computer Chemistry, Vol.44, pp.93-102, 2001.

[13] M. V. Diudea, P. E. John, “Covering Polyhedral Tori”, MATCH
Communication in Mathematical and in Computer Chemistry,
Vol.44, pp.103-116, 2001.

[14] M. V. Diudea, M. Stefu, “Wiener Index of C4Cg Nanotube”, MATCH
Communication in Mathematical and in Computer Chemistry,
Vol.50, pp.133-144, 2004.

[15] M. Ge and K. Sattler, “Observation of Fullerence Cones”, Chemical
Physics Letters, Vol.220, Issue.35, pp.192-196, 1994.

[16] M. R. Farahani, “Computing Randi’c, Geometric-Arithmetic and
Atom-Bond Connectivity indices of Circumcoronene Series of
Benzenoid”, International Journal of Chemical Modelling, Vol.5,
Issue.4, pp.485-493, 2013.

[17] M. Ghorbani, M. Jalali, “The vertex Pl, Szeged and Omega
Polynomials of Carbon Nanocones CNC4n]”, MATCH
Communication in Mathematical and in Computer Chemistry,
Vol.62, Issue.2, pp.353-362, 2009.

[18] M. H. Khalifeh, H. Y. Azari and A. R. ashrafi, “A Method for
Computing the Wiener Index of One-Penta gonal Carbon Nanocones”,
Current Nanoscience, Vol.6, Issue.2, pp.155-157, 2010.

[19] A. Nejati and M. Alaeiyan, The Edge-Version of MEC Index of One-
Pentagonal Carbon Nanocones”,  Bulgerian ~ Chemical
Communications, Vol.46, Issue.3, pp.462-464, 2014.

[20] W. Gao, M. R. Farahani, M. K. Siddiqui and M. K. Jamil, “On the
First and Second Zagreb and First and Second Hyper-Zagreb Indices
of Carbon Nanocones CNC([n]”, Journal of Computation and
Theoretical Nanosciences, Vol.13, pp.7475-7482, 2016.

AUTHORS PROFILE

Dr. Keerthi G. Mirajkar has completed her M.Sc, M.phil. and Ph.D
from Dept. of Mathematics, Karnatak University, Dharwad. She is
Currently working as Assistant Professor in Dept. of Mathematics,
Karnatak University’s Karnatak Arts College, Dharwad, teaching
undergraduates and guiding students for Doctorial degree. Her
research work focuses on several concepts in Graph Theory a field
of Mathematics.

Ms. Bhagyashri R. Doddamani is a research scholar (JRF) in the
field of Mathematics at the Department of Mathematics. Karnatak
University’s Karnatak Arts College, Dharwad, India.

39



