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ABSTRACT

In Medical Science, the multiplicative connectivity indices are used in the analysis of drug molecular structures which
are helpful for medical scientists and pharmaceutical scientists to find out the chemical, biological characteristics and
medical information of drugs. They are also used in the nanoscience engineering applications. In this paper, the first
multiplicative atom bond connectivity and multiplicative geometric-arithmetic indices of some important nanostar
dendrimers which appeared in nanoscience. These results have a wide application prospect in medical, nanoscience
and pharmaceutical engineering.
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1. INTRODUCTION

In the field of nanoscience, many researchers found that there is a close relationship between the biological and
chemical characteristics and the molecular graph structure of nanomaterial itself. Therefore it emerges as a new branch
of Theoretical Chemistry and it depends on the calculation of topological index to compute the characteristics of
nanomaterials. A molecular graph is a simple graph related to the structure of a nanomaterial. Each vertex of a
molecular structure of drug can be expressed by a molecular graph represents an atom of the molecule and its edges to
the bonds between atoms. Then chemical molecular structure of drug can be expressed by a molecular graph.
Concerning the definition of the topological index on the molecular graph, and corresponding medical, chemical
properties of drugs can be studied by the topological index calculation. To understand the nature of the drug, this
procedure does not depend on the laboratory equipments and reagents, that it saves the cost.

In this paper, we consider only a finite, simple connected graph G with vertex set V(G) and edge set E(G). A single
number that can be used to characterize some property of the molecular graph is called a topological index. Several
degree based topological indices like Randi¢ index, sum connectivity index, product connectivity Revan index, sum
connectivity Revan index and so on. There are some contributions on degree based indices of certain molecular
structures and they can be referred to Alikhani et al. [1], Ashrafi et al. [2], Das et al. [3], Estrada et al. [5], Gao et al.
[6,7], Husin et al. [11], Kulli [17] and Zhao et al. [25].

In [12], Kulli introduced the first multiplicative atom bond connectivity index and multiplicative geometric- arithmetic
index of a graph as follows:

The first multiplicative atom bond connectivity index of a graph G is defined as

ABCII(G)= [] \/dG )+ e (v)=2 (1)

uveE(G) dG (u)dG (V>

The multiplicative geometric-arithmetic index of a graph G is defined as

GAII(G)= [] 2ds (1)dg (v @

wet(e) e (U)+dg (V)
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Several papers contributed to different kinds of multiplicative connectivity indices of special molecular structures, and
they can be referred to Gao et al. [8], Gao et al. [9], Gao et al. [10], Liu et al. [24], and Kulli [13, 14, 15, 16, 17, 18, 19,
20, 21, 22, 23].

In this paper, the first multiplicative atom bond connectivity and multiplicative geometric-arithmetic indices for certain
infinite families of nanostar dendrimers are computed. For more information about nanostar dendrimers see [4].

2. RESULTS FOR NS;[n] DENDRIMER NANOSTARS
In this section, we focus on the first class of nanostar dendrimer, denoted by NS;[n], where n is the steps of growth in

this type of dendrimer. The graph of NS;[n] nanostar dendrimer is presented in Figure 1.
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Figure-1: The molecular graph of NS;[n]

Let G be the molecular graph of NS;[n] polypropylenimine octaamine dendrimer. By calculation, we obtain that G has
32 x 2"— 29 edges. Also by calculation, we obtain that G has four types of edges based on the degree of end vertices of
each edge as given in Table 1.
dg (u), dg(v) \uv e E(G) (1.2) (1,3 (2.2) (23)
Number of edges 2x2" 4x2"-4 12x2"-11 14 x 2" -
Table-1: Edge partition of NS;[n]

In the following theorems, we compute the first multiplicative ABC index and multiplicative GA index of NS,[n].

Theorem 1: The first multiplicative atom bond connectivity index of polypropylenimine octaamine dendrimer NS;[n]

A (NSl[n]):(%jzsxz"% ) (%)mz”—z.

Proof: From equation (1) and using Table 1, we deduce
dg (u)+dg(v)-2

ABC, 11 (NS, [n]) = < =
(N[ H)J ol

(\/m \/m V> 24 \/m\ﬂﬂ”—ll (\/m\mzn—m
Wz ) “Wona) "Wz ) *Wzas)

CERCI

Theorem 2: The multiplicative geometric-arithmetic index of polypropylenimine octaamine NS;[n] dendrimer nanostar

GAII (NS, [n]) = [Z{J [?j {?] :
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Proof: From equation (2) and using Table (1), we deduce

Gl (Ns )= [T 2V9ede)

weee) g (U)+dg (V)

(2 ()T (222} T (ad2xa) T

= T122 ey (22 (243
2x2" 4x2" -4 14x2"-14
= —Zﬁ X ﬁ X —2\/6
3 2 5 '

3. RESULTS FOR NS,[n] NANOSTAR DENDRIMERS

In this section, we focus on the second class of nanostar dendrimer, denoted by NS,[n], where n is the steps of growth
in this type of dendrimer. The graph of NS,[n] nanostar dendrimer is shown in Figure 2.

..\.:-. HN .'..“ ;.,,‘ N, N N
Figure-2: The structure of NS,[n]
Let G be the molecular graph of NS,[n] polypropylenimine octaamine dendrimer. By calculation, we obtain that G has

16 x 2" - 11 edges. Also by calculation, we obtain that G has three types of edges based on the degree of end vertices of
each edge as given Table 2.

dg (u), dg (v) \uv € E(G) 1.2 (2.2) (2,3)
Number of edges 2x2" 8x2"-5 6x2"-6
Table-2: Edge partition of NS,[n]

In the following theorems, we derive the first multiplicative ABC index and multiplicative GA index of NS;[n].

Theorem 3: The first multiplicative atom bond connectivity index of polypropyleninine octaamine dendrimer NS;[n] is
( 1\16X2n—11
ABC I (NS, |n|)=].|= .
111 (NS, [n]) Lﬁ )

Proof: Using equation (1) and Table 2, we derive
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ABCII(NS,[n])= T Jde()me(v)—z

uveE(G) dg ( )dG (V)
( ix2- 2 2+2- 2 &8 |
_L 1x2 L 2x2 ><3 J _L\/7J '

Theorem 4: The multiplicative geometric-arithmetic index of polypropyleninine octaamine dendrimer NS,[n] is

GAII (NS, [n]) = (%JM x[&fﬁn_e :

5

Proof: Using equation (2) and Table 2, we have

GI(NS,In) = [ 2y/d; (U)dg (v)

uveE(G) dG (U) + dG (V)
_(2J1x2) P2 (0 fax2)\TP ) (242x3) 7 °

142 242 (23
) (&\ZXZH X(ﬁ\GXZ”fﬁ
3 5 '

4. RESULTS FOR NS3[n] POLYMER DENDRIMERS

In this section, we focus on the class of nanostar dendrimer, denoted by NS;[n], where n is the steps of growth in this
type of dendrimer. The graph of NS;[n] polymer dendrimer is presented in Figure 3.
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Figure-3: The structure of polymer dendrimer NS;[n]

Let G be the molecular graph of NSs[n] polymer dendrimer. By calculation, we obtain that [E(NS3[n]) | = 69 x 2" + 90.
Also by calculation, we obtain that G has four types of edges based on the degree of the end vertices of each edge as

given in Table 3.
dg (), dg (V) \uv < EG) L2 22 23) 33)
Number of edges 3x2" 27 x2"-24 33x2"+ 114 6 x 2"
Table-3: Edge partition of NS3[n]

We now compute the first multiplicative ABC index and multiplicative GA index of NS;[n].

Theorem 5: The first multiplicative atom bond connectivity index of polymer dendrimer NS3[n] is

. (Nss[n]) _ [%jeaxzugo X(stz” |
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Proof: From equation (1) and using Table 3, we obtain

ABC, I (NS[n])= ] \/dG (u)+dg(v) -2

uveE(G) dg (u)dG (V)

(22 (222 2+3-2 313-2
"Wz ) “Wzxz2 “(V"2x3 ) “(V 3x3

[ 1 j63><2 +90 [2) 6x2"

=| — X | — .

J2 3

Theorem 6: The multiplicative geometric-arithmetic index of polymer dendrimer NS;[n] is

GAII(NSJn]):(%}X x(&] o :

27x2"-24 33x2"+114 6x2"
A\ ( \TEEE VY

5

Proof: From equation (2) and using Table 3, we have

GiNs, ) = [ 2V%tds )

uveE(G) dG (U) + dG (V)

3x2" 27x2"-24 33x2"+114 6x2"
22V (242x2) (202337 (243%3)

12 ) 252 ) \ 253 343
_(2\/5\\&(2” X(Z\/6\33X2"+114
U3 5 '

5. RESULTS FOR NS4[n] FULLERENE DENDRIMERS

In this section, we consider the class of fullerene dendrimer, denoted by NS4[n], where n is the steps of growth in this
type of dendrimer. The molecular graph of NS,[n] fullerene dendrimer is presented in Figure 4.
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Figure-4: The structure of fullerene dendrimer NS4[n]

Let G be the graph of NS,[n] fullerene dendrimer. By calculation, we obtain that G has 20 x 2" + 89 edges. Also by
calculation, we obtain that G has six types of edges based on the degree of the end vertices of each edge as given in
Table 4.

do(U), dg (V) \w e E@)  (L.2) @2 @3) @3) 34) )

Number of edges 2x2" 2x2"+2 16x2"-8 86 6 3

Table-4: Edge partition of NS4[n]

© 2018, IJMA. All Rights Reserved 159



V. R. Kulli / Multiplicative Atom-Bond Connectivity 1nd Multiplicative Geometric-Arithmetic Indices of.../ IIMA- 9(6), June-2018.
We now compute the first multiplicative ABC index and multiplicative GA index of NS4[n].

Theorem 7: The first multiplicative atom bond connectivity index of fullerene dendrimer NS,[n] is
10x2"-3 86 3/ \3
ABClII(NS4[n]):(£] x(zj x(ij JBY
2 3 12 L 4 J

Proof: From equation (1) and using Table 4, we derive

ABC,IH(NS,[n])= 1 \/dG (u) +dg (v) -2

uveE(G) dG (u)dG (V)
2x2" 2x2"+2 16x2"-8 86 6 3
/1+2—2 2+2-2 2+3-2 f3+3—2 3+4-2 4+4-2
= X X X X X
[ 1x2 2x2 2x3 3x3 3x4 4dx 4
x2" — x2" 3
123 5 \6x2 53 J6
=|— x| — X| — | x| —| .
2 3 12 4
Theorem 8: The multiplicative geometric-arithmetic index of fullerene dendrimer NSy[n] is

GAII (NS, [n])= (%}M x(ﬁjmng {ﬂf

5 7

Proof: From equation (2) and using Table 4, we derive
2,/dg (u)dg (v)
weg(s) do (u)+dg (v)

:LZMJZXZ" X(ZM\JZXZHZX(ZM]IGXZ"—S X(ZMJ%X(ZMJFJX[ZM]Q)

GAII (NS, [n]) =

1+2 2+2 2+3 3+3 3+4 4+4
3x2" 16x2"-8 6
(/2] (26 NENE
3 5 7 )

6. RESULTS FOR POLYMER DENDRIMERS NSs[n]

In this section, we consider the class of polymer dendrimer NSs[n], where n is the steps of growth. The molecular graph
of NSs[n] polymer dendrimer is shown in Figure 5.
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Figure-5: The structure of polymer dendrimer NSs[n]
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Let G be the graph of NSg[n] polymer dendrimer. By calculation, we obtain that NSs[n] has 60 x 2" + 27 edges. Also by
calculation, we obtain that E(NSs[n]) can be divided into four partitions as given in Table 5.

dg (u), dg (V) \uv € EG) L3 2.2 23) 33)
Number of edges 6x2"+3 6x2"+6 48 x2"-6 24
Table-5: Edge partition of NSs[n]

We now compute the first multiplicative ABC index and multiplicative GA index of NSs[n].
Theorem 9: The first multiplicative atom bond connectivity index of polymer dendrimer NSs[n] is

ABC 11 (NS5 [n]) = L\ETXZW x@jmn :

Proof: From equation (1) and using Table 5, we deduce

ABC I (NSs[n])= ] \/dG (u)+dg (v) -2

uveE(G) dg (u)dG (V)
(7320 (2227 (3= )® ™ (Brzo)®
W3 ) W) W) “Waas)
(RO
St

Theorem 10: The multiplicative geometric-arithmetic index of polymer dendrimer NSs[n] is

6x2"+3 48x2"-6
GAII (NS5 [n] JIJ (2R .
5

Proof: Using equation (2) and using Table 5, we deduce
GAII(NSS[n])z I1 2—VdG(u)dG(v)
uveE(G) dG (u)+dG (V)
(2T (22T (202x3) (203d)”
- 1+3J L 2+2J k 2+3J L 3+3

(\/g\\ 6x2"+3 . (&\ 48x2"-6

2 )

7. RESULTS FOR NANOSTAR DENDRIMERS D,

We now focus on the class of nanostar dendrimer, denoted by D,, where n is the steps of growth. The graph of D,
nanostar dendrimer is depicted in Figure 6.

Figure-6: The graph of nanostar dendrimer D,
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Let G be the graph of D, nanostar dendrimer. The graph G has 33 x 2" — 45 edges. By calculation, we obtain that the
edge set E(D,) can be divided into three partitions as given Table 6.

dg (u), dg (v) \uv < E(G) 2.2) 23) 33)
Number of edges 12x2" - 12 15 x 2" 24 6x2"-9
Table-6: Edge partition of D,

In the following theorems, we determine the first multiplicative ABC index and multiplicative GA index of D,.

Theorem 11: The first multiplicative atom bond connectivity index of nanostar dendrimer D, is

27x2"-36 6x2"—9
ABC, 11 (D,) = [Ej x@ .

Proof: Using equation (1) and using Table 6, we obtain

ABClll(D) H \/dG( )+dG( )_2

uveE(G dG( )dG( )

( 12 2"-12 15><2 24 6><2 -9
/2+2— /2+3 2) /3+3 2)

2x2 J k 2x3 J L 3x3 J
_(\/1\2%(2 -36 (zjexzn_g

Theorem 12: The multiplicative geometric-arithmetic index of nanostar dendrimer D, is

GAII(Dn)=(¥\ _ :

Proof: Using equation (2) and Table 6, we obtain

o) I S0acer

(2 %2 \\12><2 -12 (2\/27\1&2 —24 (2\/37\&2 -9
_L 2+2J \ 2+3 3+3J

) (2\/6\15(2 -24
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