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Abstract: A topological index is a numerical quantity connected with a graph describing the molecular
topology of the graph. It can predict different physicochemical properties such as boiling point, entropy,
acentric factor etc. of chemical compounds. Dendrimers are highly branched nanostructures that are
regarded as a building block in nanotechnology having wide applications. In this paper, multiplicative
degree-based topological indices are computed for some nanostar dendrimers. The derived results have
the potential for implementation in the chemical, biological, and pharmaceutical sciences.
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1. Introduction

Throughout this paper, we consider the molecular graph [1]. By molecular graph, we
mean a simple connected graph whose nodes are supposed to be an atom, and edges are bonds
between them. Let V(G) and E(G) be the vertex and edge sets of a graph G, respectively. For
the degree of a vertex v € V(G), we consider d(v). Chemical graph theory is one of the well-
nurtured areas of Graph theory. In Chemical graph theory, the topological index is used to
better understand the molecular structure. The topological index is a mapping from the
collection of molecular graphs to the real numbers, which remain unchanged under graph
isomorphism. It is widely used in various fields of chemistry, biochemistry, and
nanotechnology in isomer discrimination, QSAR, QSPR, and pharmaceutical medication plan,
and so forth. The topological index was first introduced by Wiener [2] in 1947 to model boiling
points of paraffin. Initially, it was known as path number, which had been given the name
wiener index later on. Since it is beginnings, this index has been generalized to a multitude of
constructions as well as used in regression models of QSAR [3-5]. Some indices related to
Wiener’s work are the first and second multiplicative Zagreb indices [6], and the Narumi-
Katayama index [7] which are defined as,

,(G) = HueV(G)(d(u))z.
HZ (G):HuveE(G) (d(u) d(V))v
NK(G) = HueV(G) d(u),
respectively. Gutman [8] studied the multiplicative Zagreb indices for trees and fixed the

unique trees that attained maximum and minimum values for I1, (G) and I1,(G), respectively.
Wang et al. [9] then extended Gutman’s result to the following index for k-trees,
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wi@ = | | @y (1)
uev(G)
Where s is a real number. Based on the successful evaluation of these indices, Eliasi et
al. [10] defined a new multiplicative version of the first Zagreb index as follows:
Hik (G):HuveE(G)(d(u) + d(V))
Continuing the concept of indexing on the edge set, the first and second hyper Zagreb
indices [11] are defined as,

2 2
HT11(G) = [Tuver(e)(d(w) + d(v))” and HT15(G) = [Tuvere)(d (). d(@))",
respectively. To generalize these indices Kulli et al. [12] presented first and second generalized
multiplicative Zagreb indices, which are defined as follows:

MZE(G) = [uver(ey(dw) + d(@))?, (2)

MZ£(6) = MNuver(o) (d@) x dW))". 3)
Where a is a real number.
Multiplicative sum connectivity and multiplicative product connectivity indices [13]
are defined as,

1 1
SCHI(G) = HuveE(G)(d(u) + d(V)) 2and PCII(G) = HuveE(G)(d(u)- d(V)) 2
respectively. The Multiplicative atomic bond connectivity index and multiplicative Geometric
arithmetic index [14] are defined respectively as follows:

_ dw)+d(w)-2 _ 2. /dw)xd(v)
ABC (G) = Ilwer@ /W and GAH (G) = HuveE(G)W-

Nanobiotechnology is a novel area of science and technology that uses nanofabrication
instruments and procedures to construct equipment for biosystem study. Dendrimers [15-20]
are one of the significant objects of this region. Iterative development and activation steps
usually synthesize dendrimers from monomers. The chemical structure of dendrimers is well-
defined. They consist of three significant architectural components, namely the core, interior
branches, and surface groups. New branches emitted from a central core are added in steps
until a tree-like structure is created. Its general structure is depicted in Figure 1. The red color
is used for the core; green, blue, and yellow for interior branches; cyan for the end groups.

Figure 1. The structure of dendrimers.
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Dendrimers are regarded to be one of the most significant, commercially accessible
construction blocks in nanotechnology. Dendrimers are used in the formation of nanotubes,
nanolatex, chemical sensors, micro and macro capsules, colored glass, modified electrodes, and
photon funnels such as artificial antennas. Due to its large scale application in different applied
fields, researchers put their attention to investigate the underlying topology of the nanostar
dendrimers. De et al. [21] have computed the F-index of nanostar dendrimers. Siddiqui et al.
[22] have studied the topological properties of some nanostar dendrimers in terms of Zagreb
indices. For more discussion related to this field, readers are referred to [23-42]. The goal of
this report is to derive the above mentioned multiplicative degree-based topological indices for
some nanostar dendrimers.

2. Materials and Methods

Our main outcomes include the computation of some multiplicative topological indices
for some nanostar dentrimers. To compute our results, we used the method of combinatorial
computing, vertex partition method, edge partition method, graph-theoretical tools, analytic
techniques, and degree counting method. First of all, we associated the graphs of
polypropylenimine octaamine dendrimers (NS, [n] and NS, [n]), polymer dendrimers (NS;[n]
and NSg[n]) and fullerene dendrimer (NS,[n]) where atoms and bonds are represented by
nodes and edges, respectively. Then by using the symmetry of the molecular structures, vertex
partitions and the edge partitions based on the degree of end vertices are obtained. Using those
partitions, we computed some general expressions of topological indices from equations (1)-
(3). Assigning particular values to the parameters appear in equations (1)-(3), we derived
different well established multiplicative indices. We used Latex software to draw the molecular
graphs.

3. Results and Discussion

In this section, we derived multiplicative degree-based indices for five classes of
nanostar dendrimers namely NS;[n], NS,[n], NS;[n], NS4[n], and NSs[n]. We start with
NS;[n].

Theorem 1. Let G be NS;[n]. Then we have

(i) Wls(G) — 25(20.2”). 365(2"—1)’

(ii) MZf‘(G) — 3a(2"+1)_4a(16.2“—15)_ 514a(2“—1)’

(iii) MZ?(G) - 2a(2“+1)_ 34a(2"-1) ga(122"-11) 614a(2"—1)’

(iv) ABC (G) = (%)(26-2’1—23).(\/5)4(211_1),
T —_—

4(2"-1
(v) GAH (G) = s ( )(%E)
Proof. To construct the vertex and edge partitions, we consider the following notations.
Egjpp={uv € E(G):dw) =i,dw) =/}, Vi ={veV(G):d) = i}.
The vertex and edge partitions of NS;[n] are as follows. The structure of NS;[n] is
shown in Figure 2.

(14.2™-14)

zﬁ)(znﬂ).(x/ﬁ)
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Table 1. Vertex partition of NS; [n]
Partition of V(G) | v, | v, | Vs
Frequency ‘ 6.2"— 76 ‘ 5.2n+2 ] 6(2" —1)

Table 2. Edge partition of NS, [n].
Partition of E(G) | E(1,2) | E(1’3) | E(Z,Z) | E(2’3)
Frequency | 2+l | 42" -1) | (12.2" - 11 | (1427 -14)

Now, in Table 1 and Table 2 are presented the formulation of multiplicative topological
indices, we derive the following results.
wi@ = | | @y
ueV(G)

= HueVl(d(u))s X HueVz (d(w))® x Hu6V3 (dw)®

— 15(6.2”—76)_ 23(20.2")_ 35(6.2"—6)

- 25(5.2"+2)_ 36s(2"-1)

MZE(G) = [uyer)(d(W) + d(v))?

= Muver s, (AW + d())" Tluver, 5, (AW + d(¥))" TTuver,.,, (d(W) +
d())" Muves g, (dW) + d(v))"

— [3a](2"+1) x [4a]4(2"—1) x [4a](12.2"—11) x [Sa](14.2"—14)

= 22a(16.2"-15) 3a(2"+1)' gl4a(2™-1)

MZ$(G) = Muver (d@) x dW))"

= Muver s, (AW X dW)™ Tuver, 5, (AW X d@))” Tave ., (W) X
d(v))" Tuves g, (dW) x d(¥))°

- [Za](2n+1) x [3a]4(2n—1) % [4a](12.2"—11) x [6a]14(2n—1)

- 22a(5.2”+2—18)_ 318a(2"-1)

_ ,d(u)+d(v)—2

ABC (G) - HuveE(G) d(w)xd(v)
_ H d(u)+d(w)-2 l-[ d(u)+d(v)-2
T HUWEEG2) || qu)xd(v) TTWEEW3) 4| dw)xdw)
l-[ d(u)+d(v)-2 l-[ dw)+d(w)-2

uvekz2) \| dwyxdw) HWEEE3) \| dw)xd®)

1 n+1 2 n_ 1 n_ 1 n_

— (ﬁ)(z )_(\/;)4(2 1)_(5)(12.2 11). (\/_E)(M'Z 14)

1 n_ 2 n_
— (ﬁ)(zaz 23)_(\/;)4(2 1)
2,/d d
GAH (G) = HuveE(G) M

dw)+d(v)

2/ d(uw)xd(v) 2,/d(w)xd(v)

= HuveE(Lz) d(w)+d() -HuveE(m) d(w)+d ) . HuveE(Zyz) dw)+d(v)
1—[ 2 /d(u) x d(v)
d(u) +d(v)

2/ d(uw)xd(v)

uveE(2,3)

— (2V2 2n+y Bign-1) (1227-11) (2V6y(14.2"-14)
=) (1) )

-5 B ®
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Hence the proof.

NH,

Figure 2. Polypropylenimine octaamine dendrimer (NS, [n]).

Puttings=1,2, a = 1,2,—1/2, in theorem 1, we obtain the following corollary.
Corollary 1. Different multiplicative degree-based indices of NS, [n] are given by,
(1) NK (G) =2(20-2") 36(2"-1),
(i) Mm(G) = 2407" 312G,
(i) [1(G) = 32", 4162"-15 5142"-1)
(iv)  HIT(G) = 3%2",42(162"-15) 528(2"~1)
12\2™ n162M-15 4 1427 -1)
(v)  SCIHI(G)= (_) (_) (_) |
V3 2 NG

(Vi)  [,(G) = 22", 34(@"-1) 4122711 g14(2"-1)
(Vi) HII,(G) = 4*""".94@"-1) 16(122"-11) 3614@2"-1)

(1 2n+l 1 4(2™-1) 1 12.2"—-11 1 14(2"-1)
(viii) PCII (G) = (ﬁ) (ﬁ) (E) (ﬁ) .

ow we consider the nanostar NS, [n]. The structure of NS, [n] is shown in Figure 3.
N ider th tar NS The structure of NS, [n] is shown in Figure 3
Theorem 2: Let G be NS,[n]. Then we have
(i) W:(G)= 25(12.27-43) 325(2"-1)
(ii) MZ? (G) = 3‘1-2"“_21661(2”—5)_(5)11.6(2”—1),
(iii) MZ% (G) — 22a(12.2n_43)_(3)6a(2n_1)'
() ABC @)= (5)"
v =(—

vz

(v) GAH (G) = (%E)(znﬂ). (%3)6(2"—1).
Proof. To construct the vertex and edge partitions, we consider the same notations as the

previous proof, and we use the same for the rest of the paper. The vertex and the edge partitions
of NS,[n] are as follows:

Table 3. Vertex partition of NS, [n].
Partition of V(G) 1A v, V3
Frequency 2ntl 3.2™%2 — 43 22" -1)

Table 4. Edge partition of NS,[n].
Partition of E(G) Eaz2) E2 Ex3
Frequency 2n+l 8.(2" - 5) (6.2" -6

https://biointerfaceresearch.com/ 7704
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Now, using Table 3 and Table 4 on the definitions of multiplicative topological indices,
the required results are obtained as follows:

we@ = | | @awy
uev(G)

= [uev, (@W)* X [Tuer, (d(W)* X [Tuev, (d(w))?

= 25(12.2"-43) 325(2"~1)

MZ{ (G) = [Nuver(e)(d(w) + d(v))?
— [3a](2"+1)_[4a]8(2”—5)_[5a]6(2n—1)
= p16a(2™-5) 3a.2"+1.56a(2"—1).

MZ3 (G) = HuveE(G)(d(u)- d(v))?
- [Za](zn"'l)_[4a]8(2n—5)_[6a]6(2"—1)
— 22a(12.2n—43).36a(2n—1).

a dw)+dw)-2
ABC (G) = HuveE(G) \/%d(v)
(@) £ 1\8@"-5) 4 \6(2"-1)
O

_ (L)(IS'ZLM)
NG .

Ja d
GAH (G) HuveE(G)M

d(uw)+d(v)
-

R (ﬁ)“z =
5 :
Hence the proof.

Hy N =l
N NH
H’_:\IZN\_\]\ Ao ¢ ",
TN N N7 U NHoNH,
Y N»/%N < )N‘/\J IJ NH2
HoN_~CN 0 ¥ NN,
H?N‘/VN—\_]} N 0 - NE
HaN N ) ¢ SR
N\~ e N =
HENCON A N ~ONAUN N~ NN SN NH,
HN~ N NH
TN~ TN
N—~~_N
NH
Hj\'j\l;\\—\ < N%NH%‘,
HoN~_ TSN AUN~UN NSNS NSNS N
HoN—~ § N cag
FN ’\/\NI % NH
N fN % = Hz
N N N_X_NH;
'_?NN,\/“N > < Nt N—’Qﬂ/\NH?

2 NN~ 'NH
NN PR S
Hel ’;/f"‘ . > ¢ N,

H ”/ N [ NHNH2

?N—{ZN / ]\ {
NH; e
HoN 2

Figure 3. Polypropylenlmlne octaamine dendrimer (NS, [n]).

Puttings=1,2, a =1,2,—1/2, in theorem 2, we obtain the following corollary.
Corollary 2. Different multiplicative degree-based indices of NS, [n] are given by
(i) NK (G) :2(12.2"—43).32(2"—1)’

(ii) 171(6) — 22(12.2"—43)_34(2"—1)’

(i) 11;(G) = 216@2"-5) 32" 56(2"-1)

https://biointerfaceresearch.com/ 7705
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(iv) HII;(G) = 232(2n—5)32n+2_512(2"—1),

_ 1 27l+1 1 8(271_5) 1 6(271_1)
© scnE=(5) G (H
(Vi) [(G) = 2262743 36"-1)
(i) HIT,(G) = 24(32"7~43) 312(2"~1),

inven =" (7 ()

Now, we obtain topological indices of NS;[n]. The structure of NS;[n] is shown in
Figure 4.
Theorem 3. Let G be NS;[n]. Then we have

(i) Wls(G) — 235(15_271—11).335(5_271_2)’
(iiy MZZ (G) = p12a[5.2"~4]56a[112""1+37] 39a.2"

(III)MZg (G) = 26a[15-2n—11].318a[5.2n‘1_1]’
(63.2™-42) 6.2"
(iv)ABC (G) = () @,

vz 3
(v) GAH (G) = (¥)[66.(2”—1—1)+4S] | (¥)3.2“-

Proof. The vertex and the edge partitions of NS;[n] are described below.

Table 5. Vertex partition of NS;[n].
Partition of V/(G) | Vi | v, | Vs
Frequency | 3.2m | 45.2" — 33 | 152" -6

Table 6. Edge partition of NS;[n].
Partition of E(G) | Ewy | Eoy | E@ | E@ss
Frequency \ 3.2" |  54.271-24 | 33.2" — 18 | 3.2n+1

Now putting the vertex (Table 5) and edge partitions (Table 6) of NS;[n] on the
definitions of multiplicative topological indices, the required result can be obtained easily like
previous.

r I
Q o
HN N /~\Y~‘“/\"N /"\’ N A NH,
l/'\ N N N =N
nu\/\,uTNYN\J [Nj [u\
~\1.;;N ~ ~""
HN A
& W\‘ /\ulu’u\n/\ i
QS PSS SS.
Loy 10 S o Yo S o e
»'c.\I,N N\r.,u n\f;u
~ N N
NH, NK N‘Nx\ NH HN N
N
4 N »?\ u/}_(
. /—/‘ N )N \
Ly N N
O

Figure 4. Polymer dendrimer (NS3[n]).
Puttings=1,2, a = 1,2,—1/2, in theorem 3, we obtain the following corollary.

Corollary 3. Different multiplicative degree-based indices of NS;[n] are given by

https://biointerfaceresearch.com/ 7706
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Q) NK (G) = 245.2"—33_315.2"—6’

(ii) Hl(G) — 26(15.2"—11)312(5.2"“1—1)1

(iiiy ;6= 212(5.2"-4) 39.2" 533.2"—18’

(iv) HIT; (G) = 224(5.2"-4) 318.2" 52(33.2”—18)’

(v) SCIN(G) = (\/%)66-(2"_1—1)%8.(%)54.2"‘1—24.(%)6.2” - (%)3.271,

(Vi) H2 (G) - 26(15.2”—11).318(5_2n—1_1)’
(V“) HHz(G) = 212(15.2n—11).336(5_2n—1_1)’

(viii) PCII (G) = (%)66-(2"'1-1)%8.(%)54-2"‘1—24.@)6.2".(\/_15)3.2".

Now, we obtain topological indices of NS,[n]. The structure of NS,[n] is shown in
Figure 5.
Theorem 4: Let G be NS,[n]. Then we have

(i) wWiG)= 25(10'211‘%)_35(6.2"”0)’
(ii) Mza1 (G) — 2a(2n+3+99). 386a. 58a(2n+1_1)- 76a’
(iii) MZ% (G) = 220a(2"+1) 32a(9.2n+85)’

3.2M-1 86
(iv) ABC (G) = (%)6( ).(\E)Z"“. ) . (\/E)ﬁ. (\/é)%

) ow(Er= o, e, o

Proof. The vertex and the edge partitions of NS,[n] are described below.

Table 7. Vertex partition of NS,[n].

Partition of V/(G) | A | v, | v, | v,
Frequency ’ 4(2"+30) ‘ 10.2" — 27 ‘ 6.2" + 70 ’ a0

Table 8. Edge partition of NS,[n].

Partition  of Ea3) E@z2) Ex3) E@z3) E4 Ewz
E©)
Frequency | 21 | 2m142 | 322"1-8 | 86 | 6 | 3

Now using Table 7 and Table 8 on the definitions of multiplicative topological indices,
the required result can be obtained easily like previous.

L
A

O’*o
RY

Figure 5. Fullerene dendrimer (NS, [n]).
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Putting s =1,2, a = 1,2,—1/2, in Theorem 4, we obtain the following corollary.
Corollary 4. Different multiplicative degree-based indices of NS, [n] are given by

(I) NK (G) — 2(10.271_%).32(3.271_'_35)’
(ii) ,(G) = 22(10.2”—%)_34(3.2%35)’
(iii)  [17(G) = 2@""7+99) 386 58(2"*-1) 76
(iv) HII; (G) = 22(2n+3+99)_ 3172 516(2”“—1). 712
1 16.2"-8 1\2(22™+1) , 186 ,1\6 ,1\3

wsem©)=(z) () (NN
(Vi) 1, (G) — 220(2"+1)_ 32(9.2"+85)’
(Vll) HHZ(G) — 240(2n+1). 34(9.2n+85)’

_£1)\1627-8 /1\2(2"+1) o4 2L N86 £ 1 \6 /1)\3
wii) ren@=(z) Q) H -6 &6

Finally, we consider NS [n] nanostar. The structure of NS[n] is shown in Figure 6.
Theorem 5. Let G be NSs[n] nanostar. Then we have

(i) WS(G) = 235(1027+1) 335(627+5)
(ii) MZf(G) — 26a(42.2n+13)_ 324a 5a(48.2n—6)’
(iii) MZ?(G) = 26a(10.2"+1) 39a(6.2”+5),

" (")
(iv) ABC (c;)=(vi§)54'2 (g)“( §>3 2 1,

= (25 [6(2m3-1)] _ (¥3y3(2mH141)
(v) GAH (G)= (59 -5 -
Proof. The vertex and the edge partitions of NSg[n] are as follows:
Table 9. Vertex partition of NS5[n].

Partition of V(G) | A | v, | Vs
Frequency | 3(2.2"-1) | 3(10.2"+1) | 3(6.2" 4 5)

Table 10. Edge partition of NSg[n].
Partition of E(G) | E13 | Eco | E@s) | Egs)
Frequency | 3.2 +1) | 6.(2" + 1) | 24 | 3.2+ 1)

Now putting the vertex (Table 9) and edge partitions (Table 10) of NSs[n] on the
definitions of multiplicative topological indices, the required result can be obtained easily.
. o K .
g P

&
- = & Y3
DL S

Figure 6. The polymer dendrimer (NSs[n]).
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Puttings=1,2, a = 1,2,—1/2, in theorem 5, we obtain the following corollary.
Corollary 5. Different multiplicative degree-based indices of NS;[n] are given by
0] NK (G) = 23(102"+1) 33(62"+5)

(i) I8 6) = 26(10.2"+1) 36(6.2"+5)’

(iii) Hf (G) — 26(42.2”+13)_ 324 5(48.271—6)’

(iv) HII;(G) = 212(42.2"+13) 348 512(2”+3—1)1

(v) SCIN(G) = (%)48.271—6 ' (%)3(42.2143) . (%)24,

(VI) Hz (G) = 26(10_2n+1). 39(6.2”+5),
(V“) HHZ (G) = 212(10,2”4-1). 318(6.2”4—5)’

(1 6(2n+3_1) 1 6(2"+1) 1\ 24 1 3(2M+141)
(viii) PCII (G) = (\/_g) (_) ( ) ( ) |

> -

G &

4. Conclusions

In this work, we consider five families of nano star dendrimers namelyNS; [n], NS;[n],
NS;[n], NS,[n], and NS5[n]. We have obtained exact expressions of multiplicative degree-
based topological indices for these nanostar dendrimers. These results can be utilized in
molecular data mining. These results can also play a key role in pharmaceutical drug design.
In the future, we want to study these indices for some chemical networks and models, which
will be useful to understand their underlying topologies.
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