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Computing Padmakar-lvan index of four classes of dendrimers
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Suppose G is a connected graph, e = uv is an edge of G, ny(e) is the number of edges lying closer to u than v and
ny(e) is defined analogously. The Padmakar—Ivan index of G is a graph invariant defined as the summation of [n, + n,]
over all edges of G. General formulas are given for the Padmakar—Ivan index of dendrimers.
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1. INTRODUCTION

A topological index or graph invariant for a
molecular graph G is a number reflecting certain
structural features of molecules that are obtained
from the molecular graph. Here, a molecular graph
is a labeled graph whose vertices correspond to the
atoms and the edges correspond to chemical bonds.
Suppose x and y are vertices of G. Then d(x,y)
denotes the length of the shortest path connecting x
and y. A topological index defined by the distance
function d(-,—) is called a distance—based
topological index. One of the oldest topological
index is the Wiener index, introduced by Harold
Wiener [1]. It is defined as the summation of
distances between all pairs of vertices in G.

Another molecular graph invariant, referred to
as the Pl index, and denoted by PI is put forward by
Padmakar V. Khadikar based on distances on edges
of the molecular graph under consideration. The PI
index is the first topological index considering the
distance between edges as those of vertices. It is
defined as PI(G) = X[ny(e) + ny,(e)], where ny(e) is
the number of edges of G lying closer to u than v,
n.(e) is the number of edges of G lying closer to v
than u and summation goes over all edges of G[2].

Many topological indices have been defined
and several of them have found applications as
means to model physical, chemical, pharmaceutical
and other properties of molecules. Khadikar and his
team [3-9] investigated the behavior of some
physico—chemical quantities under Pl index.
Diudea and his co—workers [10—17] considered the
problem of computing distance—based topological
indices of nanostructured materials.  After
proposing the Pl index, one of us (ARA) [18-28]
computed the PI index of some classes of
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nanotubes, nanotori, nanocones and also of
dendrimers. The motivation of this study is taken
from the leading works of Diudea and his team on
the problem of computing Wiener index of
nanostructured materials. For the mathematical
properties of the Pl index we encourage the
interested readers to consult papers [29—-39] and
references therein for background material as well
as basic computational techniques.

3. MAIN RESULTS AND DISCUSSION

The dendrimer is part of a new group of
macromolecules that appear to be photon funnels
just like artificial antennas. This is built by a
starting atom, such as nitrogen, to which carbon
and other elements are added by a repeating series
of chemical reactions that produce a spherical
branching structure. In a divergent synthesis of a
dendrimer, one starts from the core and grows out
to the periphery. In each repeated step, a number of
monomers are added to the core or actual structure
in a radial manner, resulting in quasi concentric
shells, called generations. In a convergent
synthesis, the periphery is first built up and next the
branches (called dendrons) are connected to the
core. The stepwise growth of a dendrimer follows a
mathematical progression and its size is in the
nanometer scale.

In this section, we consider four classes of
dendrimers are shown in Figures 1-4. These
dendrimers are denoted by D,[k], D,[k], Ds[k] and
D4[K], where k > 1 is a positive integer denoting the
stepwise growth of the dendrimers. The set of edges
of these dendrimers is denoted by E(D;[K]), where i
=1, 2, 3, 4. To compute the PI index of these
dendrimers we apply the following theorem.
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Fig. 1. a) The Graph F; b) The Graph J.

Theorem. Let G be a graph constructed from
cycles of even lengths C;, C,, ... ,Cy joined by
paths P,, P,, ... ,Ps such that for every i = j, C; and
C; do not have a common vertex. Then the PI index
of G is computed as follows:

PI(G) = (2|V(P)|— j(ZIV(C)HZIV(P)I

OIS SITCEMOEE

Proof. Suppose G is a graph with exactly m edges.
If e = uv is a cut edge of G, then n,(e) + n,(e) =m —
1. On the other hand, suppose H is an arbitrary
graph, C is an even cycle, xe V(H),y € V(C) and F
is a graph constructed from H and C joined by an
edge xy, Figure 1(a). Then for each edge f = uv €
E(C), ny(e) + n,(e) = [V(C)| + |E(H)| - 1. Similarly,
if Hy, Ho, ..., Hyare arbitrary graphs, C is an even
cycle, X, X, ..., X are different vertices of C, y; €

H;, 1 <i<t, and J is the graph such that V(J) =
u V(Hy) and EQJ) =

V(C) U V(H1) U V(H,) U ...

E(C) U E(H:) U E(Hy) U ... U E(HY) L {Xuy1, XoY2,
., Xy} then ny(e) + n,(e) = [V(C)| + |[E(Hy)| +
|E(H,)| + ... + |[E(Hy)| - 1, Figure 1(b). Therefore,

PI(G) = (Z| ®)1-s|EVE)EvE-s-1)
1), (Eve[EversEve-s-2)

Coro)lary Suppose G is a connected graph
constructed from h hexagons such that hexagons do
not have a common edge. Then PI(G) = |E(G)]* -
[E(G)| -

In what follows, four classes of nanostars with
above conditions are presented. In each case the Pl
index of the dendrimer molecule is computed by
our main theorem.

Fig. 2. The bulky dendrimers D;[1] and D4[2].
[E(D4[k])| = 63 x 2 54; h(D4[k]) = 6 x 2* — 5; PI(D4[k]) = 3969 x 4“— 6903 x 2% + 3000.
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Fig. 3. The Dendrimers D,[1] and D,[2].
|E(DNS,[K])| = 26 x 2 — 14, h(DNS,[K]) = 2¢** — 1; PI(DNS,[K]) = 676 x 4“— 766 x 2* + 216.

Fig. 4. The dendrimers D3[1] and D5[2].

|E(DNS;[K])| = 72 x 2¥ — 60, h(DNS,[k]) = 6 x 2¥ — 5, PI(DNS,[k]) = 5184 x 4% — 8748 x 2 + 3690.
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Fig. 5. The dendrimers D4[1] and Dy4[2].

[E(DNS,[K])| = 144 x 2X— 127, h(DNS,[K]) = 20 x 2 — 18, PI(DNS,[K]) = 20736 x 4% — 36840 x 2
+16364
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ITPECMSATAHE HA UHAEKCA PADMAKAR-IVVAN 3A YHETHUPU KIIACA AEHAPUMEPU

A.P. Ampadu, X. [llabanu*

Jenapmamenm no Mmamemamuxa,cmamucmuxd u KOMIIOMbPHU HAYKU,
Yuueepcumem ¢ Kawan,Kawan 87317-51167, U.P. Upan

[Moctenmna Ha 15 HoemBpu, 2010 r.; mpuera Ha 26 amput, 2011 T.

(Pesrome)

IIpuema ce, ye G e cBbp3an rpad, € = uv e prda Ha G, ny(e) e Opos Ha ppOOBETE, PA3MONOKEHH MO-6JH30 10 U
OTKOJIKOTO V, a N(€) ce nedunmpa ananoruuno. Mumexcsr Padmakar—Ivan na G e unBapuant Ha rpada, aeduHupan
KaTo cymmpane Ha [N, + n,] mo Bcuuku prboBe Ha G. INoayuenun ca o6y Gopmynu Ha unaeBkcute Padmakar—Ivan 3a

JEHIIPUMEPH.
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