STUDIA UBB CHEMIA, LVII, 3, 2012 (p. 177 — 182)
(RECOMMENDED CITATION)

OMEGA POLYNOMIALS AND CLUJ-ILMENAU INDEX
OF CIRCUMCORONENE SERIES OF BENZENOID

MOHAMMAD REZA FARAHANI"", KATALIN KATO?,
MIRANDA P. VLAD?®

ABSTRACT. The “Omega” Q(G,x) polynomial was defined by Diudea on the
ground of quasi-orthogonal cut “qoc” edge strips. Two topological indices CI(G)
(Cluj-limenau index) and Omega index Iy are defined on the above polynomial.
The goal of this paper is to compute the Omega polynomial and the corresponding
indices in the circumcoronene series of benzenoids.
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INTRODUCTION

Let G=(V,E) be a molecular graph, with the vertex set V=V(G) and
edge set E=E(G). Two edges e=uv and f=xy of G are called co-distant, “e co
f’, if and only if they obey the following relation [1]

dv,x)=dw,y)+1=dWu,x)+1=du,y)

where the distance d(x,y) between x and y is defined as the length of a
shortest path between x and y. For some edges of G the following relations
are satisfied [1,2]

e coe

ecofe fceoe
ecof& fcoh=ecoh

though the last relation is not always valid. In other words, relation co is not
transitive, in general and if co is also transitive, the above relations represent an
equivalence; then G is called a co-graph and C(e) ={f € E(G); f co e}, denoting

the set of edges in G, co-distant to the edge e€ E(G), is called an orthogonal
cut (denoted by oc) of G, E(G) being the union of disjoint orthogonal cuts
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E(G)=Cu(u..uC_UC, and C NC, =@,
fori#j and i,j=1,2,..,k.

If any two consecutive edges e and f of a plane graph G of an edge-
cut sequence are topologically parallel within the same face of the covering,
such a sequence is called a quasi-orthogonal cut qoc strip. Obviously, any
orthogonal cut strip is a qoc strip but the reverse is not always true. This means
the transitivity relation of the co relation is not necessarily obeyed [1, 3-5].

The Omega Polynomial )(G,x) for counting qoc strips in G was defined
by M.V. Diudea [6] as

Q(G,x) :;m(G,c)xc

where m(G,c) denote the number of goc strips of length c. The summation
runs up to the maximum length of qoc strips in G.

Also, first derivative of Omega polynomial (in x=1) equals the number
of edges in the graph G (see also [1-4, 6-9])

Q'(G,1)=) m(G,c)xc=|EG)|

An index, called C/ (Cluj-llmenau), is derived from and its first and
second derivatives, in x=1, as [5]

€1 (G)=[@(Gx)] -[Q(G.x)+@"(G.x)]

Cl index is eventually equal to the well-known Padmakar-lvan index
(PI) [1, 10], in polycyclic graphs embedded in the plane. Pl index of G is an
important topological descriptor in chemical graph theory and is defined as

PI(G) =Z€E(G)(mu €|G)+m,(e|G))

where m (e |G) is the number of edges of G lying closer to u than to v and

m, (e |G) is the number of edges of G lying closer to v than to u.

Another single number descriptor is calculable from the Q(G,x)
derivatives d, in x=1, and normalized to the first polynomial derivative. The
Omega index is equal to

10(0) =gy 2 6)|

In fact, d is up to the maximum length of qoc strips in G.
The aim of this study is to compute the Omega polynomial, Omega

and Cluj-llmenau index of Circumcoronene series of benzenoidd #,, with

k being a positive integer number. A general representation of circumcoronene
family is shown in Figure 1.
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Figure 1. A view of circumcoronene series of benzenoids #, ,k >1.

RESULTS AND DISCUSSION

The aim of this paper is to compute the Omega polynomial and Omega
and Cluj-limenau indices of Circumcoronene series of benzenoids. We know

that the general case of this molecular graph has 6k? vertices and 9%° -3k
edges (Figure 1).

Theorem 1. Consider the molecular graph of Circumcoronene series of
benzenoids H,,Vk €], then
e The Omega polynomial of H, is as follows
k-1
Q(H,,x)=6> x""+3x*
i=1
e The Cluj-limenau index of H, is equal to
CI(H,)=k(81k> —68k> +12k —1)
e The Omega index of H, is

1o(H, )= (ka )Z\/éz(ﬁ k+i-j j Lﬁ (2% - ]J

Proof. Let G = H, be the Circumcoronene series of benzenoids. This

graph has 6k vertices. Cut Method and its general form was studied by S.
Klavzar [11] and others [5, 12]. Now, by using this method and Figure 1,
there are k distinct cases of qoc strips. Obviously, Circumcoronene series of

benzenoids is a co-graph, thus the size of a qoc strip C. for every (i :1,...,k—1)
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isequalto k +i =c, since Ve e C, there are k+i-1 co-distant edges with e (see
Figure 2.) and the number of repetitions of these quasi-orthogonal cuts C,
Vi=l,..,k—1 is six times (m(Hk .C;) :6). The number of repetitions of qoc C, is

three times (m(H Cr) :3), respectively. This implies that
k
31C, [+6]C, | +...+6]C [= 6 [k +i]—6k =9 =3k =|E (H, )|.
i=1

So, we have

Now, we can calculate the Cluj-llmenau index of H, as

Cr (1) =[Q (1, )] ~[Q (%) +Q (H,ox) ],

1

:[@(6 ) J] _[@(&M)+3xzkj+(':§1;(6xkﬂ)+3xzkj”] |

k-l 2
|:6Z k+l (545-1) 4 ot 1j| _

6 “”+6loc2“+6z Je+i) (Je+i=1) x4 6k (26 —1) 5 2}
x=l1

=1

M_

[62 k+i +6k} —{6]{2(k+i)+6k+6§(k+i)(k+i—l)+6k(2k—l)}

=k(81k* —68k> +12k —1)
Now, we compute the Omega index of Circumcoronene series of
benzenoids as

-~ I

x =1

Lol )= 2 ¢
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k=1 d-1

since 62[]‘[ (k+i—j j (=) +3(ﬁ (2k—-j j
Jj=0 Jj=0

In final, for every integer k, 1, (H, ) will be

I,(H),)= (%2 jz\/ Iﬁ{ﬁ (k+i—j J+3[ﬁ (2k - ]]

i Jj=0

Thus completing the demonstration.

Lemma 2. By refering to the definition of I, it is easy to see that
1,(G)=1.

Since 1,(G)= JQ'(G,x)

1
+— Q" (G,x
x =1 Q/(G’X) deuz-ﬂ} ( )

=1 >0
The second part of the above equation is positive, because polynomial
Q(G,x)zzm((},c)xc and its all derived of order d have positive integer

1
Q(G,x)

x =1

coefficierclts. Of course, if s is the maximum length of qoc strips in G, then
Q' (G,x)=0,vd 2s.

Obviously, this lower bound of /(G ) holds if and only if G is the
complete graph K; or path P..

Conjecture 1. For every molecular graph G, the upper bound of
1,(G) is two. Thus, we have

1
_— Q¢ G,x <2
Q,(Gax)de[z—:{l} ( )

x=l1

Figure 2. The presentation of quasi-orthogonal cuts qoc strips of H ,.
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Example 1. By Figure 2, it is obvious that the Omega polynomial of
H , is as follows:

Q(H,,x)=6x"+6x"+6x"+3x"
Also, the Cl and Iq indices of H, are equal to CI(H,)=16572
and /,(H,)= 1.586

CONCLUSIONS

In this paper, we obtained the Omega polynomial, Omega and Cluj-
limenau indices of molecular graph Circumcoronene series of benzenoids

H, (k =1) and for the first time and we conjectured the lower and upper
bounds for /, of any molecular graph G, as 1</,(G)<2.
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