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Computing the Narumi-Katayama indices and its
modified version of some nanostar dendrimers
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Dendrimers are the highly branched organic macromolecules
with successive layers or generations of branch units
surrounding a central core. In mathematical chemistry, a
particular attention has been given to degree-based graph
invariant. The Narumi-Katayama index and its modified version
of a graph G, denoted by NK(G) and NK*(G) are equal to the
product of the degrees of the vertices of G. In this work we
calculated the Narumi-Katayama Indices and its Modified
version for some families of dendrimers such as NSi/n], NSz[n]
and NSs[n]. The exact formulas of the Narumi-Katayama and
Modified Narumi-Katayama indices of these dendrimers nano
structures are presented in this paper.
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investigated the mathematical properties of
this nano structures [1-12].

A molecular graph is a pictorial diagram of
the structural formula of a chemical structure
in terms of graph theory, where the vertices
represent the atoms of the given chemical

Introduction

Chemists are equipped with a number of
useful tools known as merging branch of
graph theory (chemical graph theory),
molecular topological descriptors, indices and

molecular topological polynomials. Many compound and the edges represent the
chemical  structures, — and  chemical  chemjcal bonds between the atoms. We
compounds are usually modeled by a  (gnsider the molecular graph G=(V, E) with

molecular graph to analyze the underlying
theoretical properties. Several articles
contributed to determine the topological

the vertex set V(G) and the edge set E(G) is a
graph whose vertices denote atoms and edges
denote bonds between the atoms of any

indices of special molecular graphs [13-15].

Dendrimers are a new class of polymeric
They are highly branched,
monodisperse macromolecules. The structure
of these materials has a great impact on their
physical and chemical properties. As a result
of their unique behavior dendrimers are
suitable for awide range of biomedical and
industrial applications [2].

The nanostar dendrimers is a part of a
new group of macromolecules that seem
photon funnels just like artificial antennas
and also is a great resistant of photo
bleaching [2]. Recently some researchers

materials.
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underlying chemical structure [3,16-26]. The
degree of a vertex v, denoted by dg(v), is the
number of edges that are incident to it. For
simplicity, let d¢(v)=d..

A topological index is a single number,
derived following a certain rule, which can be
used to characterize the molecule [5]. Usage
in biology and
chemistry began in 1947 when chemist
Harold Wiener [4] introduced Wiener index
between

of topological indices

to demonstrate correlations
chemical properties of organic compounds
and the index of their molecular graphs.

Wiener originally defined his index (W) on
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trees and studied its use for correlation of
chemical properties of alcohols, amines and
their analogous compounds [4].

A topological list Top(G) of graph G is a
number with the property that, for each
diagram H isomorphic to chart G.
Top(H)=Top(G). In [3, 6] authors studied some
properties of Narumi-Katayama indices and
its modified defined as follows:

NK@G)= ] d. (1.1)
uev (G)

NK*G)= [] d.” (1.2)
uev (G)

Several studies contributed to determine the
topological indices of some families of
dendrimers [1, 7-9]. In this work, we compute
the Narumi-Katayama index and its modified
for some families of dendrimers.

Main Results

In this section, we compute the Narumi-
Katayama indices and its modified of some
nanostar dendrimers. Suppose that the first
kind of nanostar NS;/n] with n growth stages.
The molecular graph of NS;[1] and NS;[3] are
shown in Figures 1 and 2 and NS;/3] and
NS3[2] are shown in Figures 3 and 4. Note that
the number Cs (hexagonal) in the graph
NS1[n] is 3x2r-2-5 for each step ne NU{0}.

Theorem 2.1. Consider NS:/n] be the
Nanostar with n growth of stages and
neNU{0}.Then the Narumi-Katayama

indices and its modified of NS;[n] are given by
i) NK(NSl [n]) — 218><2"71 % 36><2"73’
ii) NK* (NSl [n]) — 236><2n+2 % 318><2n79.
Proof. Let NS:/n] be the Nanostar with n
growth of stages and ne NUJ {0} .The number
of vertices and edges in NSi[n] are 24x2n-4
and 27x2n-5. The vertex set V(NS;[n]) and the
edge set E(NS:[n]) are equal to 24x2n-4 and
27x2n-5, The vertex set V(NS:[n]) can be

divided into four vertex partitions based on
degrees of vertices V3,V,V3V, where

Vv, :{u luev (NS, [n]).d, :i}; 1<i<4. The number
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of vertices Vi(NSi[n]), V4NSi/n]) are 1,
moreover we have:

V,+2V, +3V,+4V, =2E
{ V,+V, +V, +V, =V
Therefore, by solving the above equation, the
number of vertices in V3(NS:[n]), and
V3(NSi[n]), are 18x2n-3 and 6x2n-3. Now by
using (1.1) and (1.2), we have:

NK(NS,[nD= [] d,= ][] d,

ueV (Ns;[n]) u;eV; (N8;[n])
(l<i<d)

Mo Ml o))
=1 X x3 X

n n n n
— 11 % 218><2 -3 % 36><2 -3 % 41 — 218x2 -1 ~ 36><2 73'

NK(NS )= [T d%= [T 4°

ueV (NS,[n]) yev; (NS[n])
(1<i<d)

Va (Nsy[n])|

b)) [AC Nathsn)

@)@

n n n n
:236><2 -6 ><318><2 -9 X 44 — 236><2 +2 ><318><2 79.

N (Nsg[n])

FIGURE 1 The core of NS;[1]

FIGURE 2 The core of NS;/3]

Example 2.1. Consider nanostare
dendrimer NS;[1] with n growth of stages and

ne NU{O} is shown in Figure 1. By theorem
2.1, the number of vertices in NS;[1] is 40 and

its edges is 49. The vertex partitions
Vi(NSi[1]), ~ V2(NSi[1]),  V3(NS:[1]), and
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V4(NS1[1]) contains respectively 1, 33,9 and 1
vertices. Then

NK(NS,[1)= ] d,

ueV (NS;[1])
= ] d,.@<i<9
e (NS, [1)
s s s
=1 x2 x3 X
=1 x 28 3P x4t =25« 3,

NK'(NS,[1)= [T d."

u

Va (Nsy[1])

ueV (NS;[1])
= I d,*.(=1234)
GV (NS
M) v, (st V(s VNSt
=(1) x(2%) x(3°) x(4%)

=264 ><327 ><44 — 274 ><327
Theorem 2.2. Consider NSz/n] be the

nanostare with n growth of stages and
neNU{0}. Then the Narumi-Katayama

Indices and its Modified of NSz[n] are given by
|)NK(NSZ [n]) — 212><2"—2 X34><2”—2’

ii)NK (NS, [n]) = 227~ x 3>2"*,

Proof. Let NS:/n] be the Nanostar. The
number of vertices and edges in NSz[n] are
16x2n-4 and 18x2n-5 respectively, The vertex
set V(NS:[n])) is divided into two vertex
partitions based on degrees of vertices. The

first vertex Partition V;(NSz[n]) where

d, =2.u, €V, (NS,[n]), the second vertex
partition V2(NS2[n]), where
d, =3,u,€V, ( NS, [n]) Moreover we have:
{ZVl +3V, =2E

V, +V, =V

Therefore, by solving the above equation the
number of vertices in Vi(NS;[n]) and
Vo(NSz2[n]) are  12x2n-2  and  4x2n-2
respectively. Now by using (1.1) and (1.2), we

have:
[T d

NK (NS, [n]) =
ueV (NS,[n])

:Hduled

ey (NS,[n]) U, eV, (NS, [n])

Uz

ML (Ns2[n])|
=2 X

Vo (sl . .
— 212><2 -2 ><34><2 —2.
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NK*(NS,[n)= [ "

ueV (NS,[n))
SR RS
Uy Uz
eV (NSy[n]) U, eV, (NSy[n])
ML(NS2[n]) 3 V2 (Nsz[n])|

=) x@)

12:2"

_ (22) 2 » (33)“*2"’2 _ 2?4 1226

FIGURE 3 Nanostar dendrimer with 3-growth
stages NS;[3]

Example 2.2. Consider nanostare dendrimer
NS;[3] with n growth of stages and

ne NU{O} is shown in Figure 4. Then, the

number of vertices in NSz[3] is 124 and its
edges is 139. The vertex partition in
Vi(NSz[3]) contains 94 vertices u; whit degree
2 and the vertex partition in V;(NSz[n])
contains 30 vertices uz whit degree 3. Then

NK(NS,[3)= T[] | d,
)

ueV (NS,[3
= 11 dx ] d,
Uy eV; (NS, [3]) Up eV, (NS,[3])

ML(NS[3])] v, (Nsa[3])|

— 2 % — 294 % 330.
NK*(NS,[3)= ] d.*
ueV (NS,[3])
dy d“l dy d“z
— 1 X 2

upeV; (NS,[3]) UV, (NS,[3])

M (Ns[3])| v, (Ns[3)|

(2%) x(3%) =2"%x3%,
Theorem 2.3. Consider NS3/n] be the
Nanostar with n growth of stages and

neNU{0}. Then the
Indices and its Modified of NS3/n] are given by
NK(NSS [n]) — 212><2n76 % 36><2"76,

NK* (NS3 [n]) — 224><2”712 % 318><2"—18.

Narumi-Katayama
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Proof. Similar to the proof of Theorem 2.2.
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FIGURE 4 Nanostar dendrimer with 2-growth
stages NS3[2]

Example 2.3. Consider Nanostar dendrimer
NSs[2] with n growth of stages and neNU{0}

is shown in Figure 2. Then, the number of
vertices in NS3[n] is 60 and its edges is 69.
The vertex partition V;(NS3[2]) contains 42
vertices u; whit degree 2 and the vertex
partition V;(NS3[2]) contains 18 vertices u:
whit degree 3. Then

NK(NS,[2)= [ d,
ueV (NS4[2])
= H dU1 X H duz
Uy €V (NS5[2]) U, €V, (NS5[2])
Mnss[2)] Vo (Nssl2])
=2 X =2% %31
NK‘(NS,[2)= T d.*
ueV (NS,[2])
= d,“x J[ d,*
u eV, (NS;[2]) Uy eV, (NS;[2])
M (ss2) v, (sa[2)|
— (22) > (33) — 284 % 354.

Conclusion

Molecular topology (or topological indices)
high
performance in the discovery and design of
new drugs. In this research study, we
contributed to a better knowledge of
molecular topology among mathematicians.
Moreover: topology can Dbe
employed to look for drugs that heal, in
principle, any disease, based on the structural

has widely demonstrated its

molecular
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information provided by known active
compounds. In this research study, we
determined the Narumi-Katayama indices
and modified for some families of nanostar
dendrimers such as NS:/n], NSz[n] and NS3[n].
In the future, we are interested to study and
compute the topological indices of various
families of dendrimers which will be quite
useful in understanding their underlying

topologies.
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