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THE RANDIC INDEX OF SOME DENDRIMER NANOSTARS'

ALI MADANSHEKAF

ABSTRACT. Among the numerous topological indices considered in chem-
ical graph theory, only a few have been found noteworthy in practical
application, Randié¢ index is one of them. The dendrimer nanostars is a
synthesized molecule built up from branched unit called monomers. In this
article, we compute the Randié index of two types of polymer dendrimers
and a fullerene dendrimer.
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1. Introduction

Let G be a simple graph and consider the m-connectivity index

™G = > 1\ didi, - di, (1)

1 —l2 = —lm41

where i1 — 49 — - -+ — 4,41 runs over all paths of length m in G and d; denotes
the degree of the vertex i. Randi¢ introduced the Randi¢ index as

(@) =D 1/\/did 2)
i—j

where ¢ — j ranging over all pairs of adjacent vertices of G. This index has been
successfully correlated with physico-chemical properties of organic molecules.
Indeed if G is the molecular graph of a saturated hydrocarbon then there is a
strong correlation between 1x(G) and the boiling point of the substance. [8-12]
There is no universal valance Randi¢ index that would apply to all properties
of dendrimers nanostars, but general topological indices are considered in our

present work.
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2. Introduction and Preliminaries

Consider a graph G on n vertices, where n > 2. The maximum possible vertex
degree in such graph is n — 1. Suppose x;; denotes the number of edges of G
connecting vertices of degrees ¢ and j. Clearly, z;; = x;;. Then Randi¢ index

can be written as 1
XG@) = > (3)

1<isy<n Vdids
Therefore, if the graph G consists of components G1,Gs, - -+ , G, then [12-13]
X(G) = x(G1) + -+ + Xx(Gp)- (4)

We now consider three infinite classes NS1[n], NSz[n] and NSs[n] of dendrimer
nanostars, Figures 1-3.

3. Main results

The aim of this section is to compute the Randi¢ index of these dendrimer
nanostars.

3.1. The Randié Index of the First Class of Dendrimer Nanostars.
Consider the molecular graph G(n) = NS} [n], where n is steps of growth in this
type of dendrimer nanostars, see Figure 1.

Define, w23 to be the number of edges connecting the vertex of degree 2 with
a vertex of degree 3, x13 to be the number of edges connecting a vertex of
degree 1 with a vertex of degree 3, 95 to be the number of edges connecting two
vertices of degree 2 and x33 to be the number of edges connecting two vertices
of degree 3. The molecular graph of NSj[n], has three similar branches with
the same number x4, of edges connecting a vertex of degree 2 with a vertex of
degree 3. It is obvious that x5 = 3ahg + 48.

On the other hand, a simple calculation shows that xh; = 9(27+! —2) —2n+1L,
Therefore, x93 = 3-9(2"H1 — 2) — 2nF1 4+ 48 = (273 — 1).

Using a similar argument, one can see that, z2o = 2"t! — 2 and so, x92 =
3ahy + 12 =6(2" + 1).

A similar calculation as above shows that, 33 = 24,275 = 2"*! so, 213 =
3zhs +3=302"" +1).

Theorem 1. The Randié index of G(n) = NSi[n] is

X(G) = (8vV6 +2v/3 +3)2" + (11 + V3 — V6).

Proof. Since N S;[n] has three similar branches, therefore by formula (3) one can
write
6273 — 1) N 6(2" +1) N 24 N 3(2n T+ 1)

V23 V2.2 V33 Vi3

_ 6@ —1) n ntl
== +3(2" + 1) + 8+ V32" 4+ 1)

X(G(n)) =
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= (8V6+2V3+3)2" + (11 + V3 — V6)
O

3.2. The Randié Index of the Second Class of Dendrimer Nanostars.
We now consider the second class H(n) = N.Ss[n], where n is steps of growth in
this type of dendrimer nanostar, Figure 2. Suppose y23 is the number of edges
of H(n) connecting a vertex of degree 2 with a vertex degree 3, y22 the number
of edges of H(n) connecting two vertices degrees 2, ys3 the number of edges
connecting two vertices degrees 3 and y12 to be the number of edges connecting
a vertex of degree 1 with a vertex of degree 2. By a routine calculation, one can
prove yo3 = 66(2" "1 — 1) + 48 and s0 ygo = 54-2""!1 —24 and y33 = 32" and
finally 410 = 3 - 2".

Theorem 2. The Randic¢ index of H(n) = NSz[n| is

x(H(n)) = 2" (11V6 + 4V3 + 3v2) — (3V6 + 12)
Proof. Since N S3[n] has three similar branches therefore,
66(2n71 —1) 448  3(2"*1) N 54.2n71 — 24 N 3(2")
v2-3 Vv3-3 2.2 2.
(66(2"~1 — 1) + 48)v/6

= c +3@2"+1)+8+2"V3

X(H(n)) =

—

FIGURE 1. Polymer Dendrimer
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2
+27-2"*1—12+¥~2n

=8V6+11v6-2""1 — 11v6 + 4v/3 - 271
+27.-27 1 12432271
=2""1(11V6 + 4V3 + 3v2) — (3V6 + 12)
0

3.3. The Randi¢ Index of the Third Class of Dendrimer Nanostars. At
the end of this paper, we consider the molecular graph K(n) = N Ss[n], Figure
3, where n is steps of growth. Define, ¢33 to be the number of edges connecting
a vertex of degree 2 with a vertex of degree 3, to5 to be the number of edges
connecting two vertices of degree 2, t13 to be the number of edges connecting
a vertex of degree 1 with a vertex of degree 3, t33 to be the number of edges
connecting two vertices of degree 3, t34 to be the number of edges connecting
a vertex of degree 3 with a vertex of degree 4 and finally, 44 is the number of
edges connecting two vertices of degree 4. A similar calculation as above shows
t33 is all the edges of fullerene except 4 so t33 + 90 — 4 = 36 and t34 = 6 and
finally t44 = 3. The molecular graph N.S3[n] has two similar branches and so
it is enough to compute the to3,t22. We have, toz = 32 -2"~! — 8 and finally
oy =271 42,
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FIGURE 2. Polymer Dendrimer
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Theorem 3. The Randi¢ index of K(n) = NSs[n] is

w [ 32V6+2V3+3 365 — 16v/6 + 12v/3
X(K(n) =2" | ————— | + ~
3 12
Proof. Since N Ss[n] has two similar branches therefore,
ontl - 32.9n"t g ontlig 86 6 3
X(K(n)) = + + + + +
v1-3 V32 V2.2 Vv3-3 Vv3-4 V4-4
32n+t 6(32-2n71—8) 2ntl 412 86 6 3
_ s ) 2 r2 86, 6 3
3 6 2 3 2V/3 4
g (32\/6+ 23 + 3) . (365 — 1616 + 12\/:7,)

3 12

REFERENCES

1. A. Gandini, The application of the Diels-Alder reaction to polymer syntheses based on furan
/ maleimide reversible couplings, Polimeros 15 (2005), 95-101.

2. A. Chouai, E. E. Simanek, Kilogram-Scale Synthesis of a Second Generation Dendrimer
Based on 1,3,5-Triazine Using Green andIndustrially Compatible Methods with a Single
Chromatographic Step, J. Org. Chem., 73 (2008), 2357-2366.

3. Robert A. Freitas Jr., Nanomedicine, I: Basic capabilities, Lands Bioscience, Georgetown,
1999.

FIGURE 3. Fullerene Dendrimer



1080 Ali Madanshekaf

4. M. A. Alipour, A. R. Ashrafi, A Numerical Method for Computing the Wiener index of
One-Heptagonal Carbon Nanocone, Journal of Computational and Theoretical Nanoscience,
6 (2009), 1204-1207.

5. A. R. Ashrafi, P. Nikzad, Connectivity index of the family of dendrimers nanostars, Digest
Journal of Nanomaterials and Biostructures, 4 (2009), 269-273.

6. M. Randi¢, On characterization of molecular branching, J. Am. Chem. Soc., 97 (1975),
6609-6615.

7. B. Bollobas, P. Erdos, Graphs of Extremal Weights, Ars. Combin., 50 (1998), 225-233.

8. Z. Mihali, N. Trinajstic, A graph-theoretical approach to structure-property rela tionships,
J. Chem. Educ., 69 (1992), 701-712.

9. D. Morales, O. Araujo, On the search for the best correlation between graph theoretical
invariants and physicochemical properties, J. Math. Chem., 13 (1993), 95 -106.

10. M. Randi¢, P. J. Hansen, P. C. Jurs, J. Chem. Inf. Compute. Sci., 1988, 28, 60 - 68.

11. E. Estrada, Connectivity polynomial and long-range contributions in the molecular con-
nectivity model, Chem. Phys. Lett., 312 (1999), 556 -560.

12. E. Estrada, Graph theoretical invariant of Randié revisited., J. Chem. Inf. Comput. Sci.,
35 (1995), 1022 -1025.

13. L. Pavlovi¢, I. Gutman, Graphs with extremal connectivity index, Novi Sad J. Math., 31
(2001), 53-58 .

14. Hao Li, Mei Lu, The m-connectivity index of graphs, MATCH Commun. Math. Comput.
Chem., (2005), 415-423.

15. A. Madanshekaf, M. Ghaneei, Computing two topological indices of nanostars dendrimer,
Optoelectron. Adv. Mater. Rapid Comm., 4 (2010), 1849 - 1851.

Ali Madanshekaf received M.Sc. from Shahid Beheshti University and Ph.D at Tarbiat
Modares University, Tehran, Iran. Since 1999 he has been at Semnan University. His research
interests include Chemical Graph Theory.

Department of Mathematics, Faculty of Mathematics, Statistics and Computer Science,
Semnan University, Semanan, Iran.
e-mail: amadanshekaf@semnan.ac.ir



