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OMEGA POLYNOMIAL OF A BENZENOID SYSTEM

MOHAMMAD R. FARAHANI*, MIRANDA P. VLAD®

ABSTRACT. The Omega polynomial Q(G,x) is defined as the collection
of the equidistant, topologically parallel opposite edge stripes in the
molecular graph. This polynomial was introduced by Diudea in 2006. In
this paper, we compute the Omega polynomial of an important class of
benzenoid system.

Keywords: Molecular graph, Omega polynomial, Opposite edge strip,
Benzenoid systems.

INTRODUCTION

Let G be a simple connected graph in the Chemical Graph Theory.
The vertex set and edge set of the molecular graph G are denoted by V(G)
and E(G) respectively and its vertices correspond to the atoms while the
edges correspond to the covalent bonds [1,2].

A topological index of G is a numeric quantity, derived following
certain rules, which can be used to characterize the property of molecules
and is invariant under the automorphism of the graph. Usage of topological
indices in chemistry began in 1947 when Harold Wiener developed the
most widely known topological descriptor, Wiener index [3], defined as

1
W G)=- > D dwy)
ueV (G)veV (G)

where the topological distance d(u,v) between two vertices u and v is the
number of edges in the shortest path connecting them.
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Let G(V,E), be a molecular graph; two edges e=uv and f=xy of G
are called co-distant (briefly: e co f) if they obey the topologically parallel
edges relation. For some edges of a connected graph G there are the
following relations satisfied [4-7]

ecoe
ecofeofcoe
ecof&fcoh—fcoh
though the last relation is not always valid.

Set C(e):={fe E(G)| e co f}. If the relation “co” is transitive on C(e)
then C(e) is called an orthogonal cut “oc” of the graph G. The graph G is
called co-graph if and only if the edge set E(G) is the union of disjoint
orthogonal cuts.

E(G)=CuCu..uC_ UG and ¢ NC, =2,

fori# and i, j=1, 2, ..., k.

The Omega polynomial Q(G,x) counts the “quasi-orthogonal cut’
strips, qoc strips (because the relation is not always transitive, see above)
in G and was defined by M.V. Diudea (2006) as

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

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

The first derivative of Omega polynomial (in x=7), equals the
number of edges in G (see also the papers [8-16]):

Q(G.1)=3 m(G,c)xc=|E(G)|

Herein, our notations are standard and taken from the standard
books of Graph Theory [1,2]. The aim of this study is to compute the Omega
polynomial of an important class of benzenoid system called hexagonal
system B, , (Figure1).

RESULTS AND DISCUSSION

The Omega polynomial of an infinite family of benzenoid system
was computed as described above.

Shui Ling-Ling et al.[17] defined a new hexagonal system named
jagged-rectangle. An axb hexagonal jagged-rectangle whose shape forms
a rectangle and the number of hexagonal cells in each chain alternate a
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and a—-1. For two independent positive integer numbers a=2 & b=1, the
vertex set of B, is defined as (see Figure1 and [17, 18]).

V(Ba,b)z{(x,y)]0Sx£2a,0£y£2b—l}
U(x,-1)[0<x<2a -1} {(x,20) 1S x <201}
This graph has 4ab+4a+2b-2 vertices, since |V(B,y)|=2b(2a+1)
+(2a-1)+(2a-1). Itis easy to see that Vac( {1}, B,ahas exactly 4a*+6a-2

vertices and 6a*+6a-4 edges. A general representation of this hexagonal
system is shown in Figure 1.

Figure 1. A general representation of the Benzenoid system B, (Va,bz1).

Theorem 1. The Omega polynomial of the hexagonal system B, Va,bel],

is as follows:

If azb+2: Q(B,,.x)=(b+Dx" +bx"" + Zh:(4x2"“ )+2(a-b-1)x""
i=1

If asb+1: Q(B,,.x)=(b+Dx" +bx"" + §(4x2i+l)+ 2(b-a+1D)x*

i=1

Proof. Let G=B,, be the hexagonal system, with 4ab+4a+2b-2
vertices. To compute the Omega polynomial of G it is enough to calculate C(e)
for every e in E(G). Now, by using the Cut Method, and by using the Tables 1
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and 2 and Figure 2, the proof is easily. The Cut Method in its general form was
studied by S. Klavzar [19] and used in paper series [20-30].

So, from Table 1 we have

Q(Ba,b,x) = zcm(Ba,b,c)xc

b
=(b+1)x" +bx" + 2(4)(2”1 ) +2(a—-b-1)x*""

i=1

Table 1. The number of co-distant edges, when a=b+2

quasi-orthogonal cuts Number of co-distant edges No
Cg,'+1 ‘7/i=0,...,b 1 a
Cy Vi=1,...,b 1 at+1
Ci Vi=1,...,b 4 2i+1
Cour 2(a-b-1) 2b+2

On other hands, from Table 2, Va<b+1:

Q(B,,.x) = (b+Dx* +bx"" + (12711(4)8"+l )+2(b—a+1)x™

Table 2. The number of co-distant edges, when asb+1

i=1

quasi-orthogonal cuts Number of co-distant edges No
C2i+1 |7/i=0,...,b 1 a
Cz,‘ ‘7/i=1,...,b 1 a+1

C Vi=1,...,a-1 4 2i+1

C, 2(b-a+1) 2a

and this completes the proof.
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Figure 2. The presen‘gation of quasi—orthogonaf cuts (qoc strips) of By p,

From Theorem 1, one can to see that the number of edges in G is
equal to

‘E(Ba,,,) =¢(B,,.x)|

x=1

i=1

b
8[(b+1)x” +bx*"! +Z(4X2”1)+2(a—b—1)x2h+2]
|

x=1

ox
a(b+1)+b(a+1)+4i(2i+1)+2(a—b—1)(2b+2)

i=1

= ab+a+ab+b+4(%+bj+4ab—4b2 +4a—-8h—4
=6ab+5a+b-4.

) ((b +D)x +bx + 02_1(4)(2"“ ) +2(b—a+ l)xz"j
And also |E(B,, ) = B

ox =t

:a(b+1)+b(a+1)+4ai(2i+1)+2(b—a+1)(2a)

i=1

:2ab+a+b+4(@+a—lj+4ab—4az+4a

=6ab+5a+b-4.
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Figure 3. The hexagonal systems Bg 3 and B, ; (the first member
of this hexagonal systems).

Example 1. By using Theorem 1, the Omega polynomial of the hexagonal
system By ; (Figure 3) is equal to Q(Bg,3,x)=4x>+4x°+4x%+7x"+4x°.

Example 2. From the second equation in Theorem 1, it's easy to see that
the Omega polynomial of B, ; (Figure 3) is Q(Bg 3,x)=2x*+5x.

Example 3. By using Theorem 1 one can see that the Omega polynomial
of the hexagonal system Bj;, or the coronene H, (Figure 4) is equal to
Q(Bg 5,x)=2x" +x*+4x°+2x*=6x°+3x*=Q(Hy, x).

H =B 3,1
(=coronene )
Figure 4. The hexagonal system Bj ; (“coronene H,” the second member

of the circumcoronene series of benzenoid).
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Theorem 2. The Omega polynomial of the hexagonal system B, , Vacll, is
equal to

a,a’®

Q(B X) =(a+1)x" +ax™"! +az_1(4xz”l)+2x2”
i=1

=ax’ +4°0+. A at Dx* +ax™ o+ a7+ 2

REFERENCES

[1]. N. Trinajsti¢, Chemical Graph Theory, CRC Press, Boca Raton, FL, 1992.

[2]. M.V. Diudea, |. Gutman, L. Jantschi, Molecular Topology, NOVA, New York,
2002.

[3]. H. Wiener, Structural determination of paraffin boiling points, J. Am. Chem.
Soc. 1947, 69, 17.

[4]. M.V. Diudea, S. Cigher, A.E. Vizitiu, O. Ursu and P.E. John. Croat. Chem.
Acta, 2006, 79, 445.

[5]. M.V. Diudea, Omega Polynomial. Carpath. J. Math. 2006, 22, 43.

[6]. P.E. John, A.E. Vizitiu, S. Cigher, and M.V. Diudea, MATCH Commun. Math.
Comput. Chem. 2007, 57, 479.

[7]. M.V. Diudea, S. Cigher and P.E. John. MATCH Commun. Math. Comput.
Chem, 2008, 60, 237.

[8]. A.E. Vizitiu, S. Cigher, M.V. Diudea and M.S. Florescu, MATCH Commun.
Math. Comput. Chem, 2007, 57, 457.

[9]. M. Saheli, M. Neamati, A. Ili¢ and M.V. Diudea. Croat. Chem. Acta. 2010,
83(4), 395.

[10]. A. Bahrani and J. Yazdani. Digest. J. Nanomater. Bios. 2008, 3(4), 309.

[11]. A.R. Ashrafi, M. Ghorbani and M. Jalili. Digest. J. Nanomater. Bios. 2009,
4(3), 403.

[12]. M. Ghorbani. Digest. J. Nanomater. Bios. 2011, 6(2), 599.

[13]. M. Ghorbani and M. Ghazi. Digest. J. Nanomater. Bios. 2010, 5(4), 843.

[14]. M. Ghorbani and M. Jalili. Digest. J. Nanomater. Bios. 2009, 4(1), 177.

[15]. J. Yazdani and A. Bahrani. Digest. J. Nanomater. Bios. 2009, 4(3), 507.

[16]. M.V. Diudea, S. Cigher, A.E. Vizitiu, M.S. Florescu and P.E. John, J. Math.
Chem. 2009, 45, 316.

[17]. S. Ling-Ling, W. Zhi-Ning and Z. Li-Qiang, Chinese J. Chem. 2005, 23(3), 245.

[18]. Z. Bagheri, A. Mahmiani and O. Khormali. /ran. J. Math. Sci. Informat. 2008,
3(1), 31.

[19]. S. Klavzar. MATCH Commun. Math. Comput. Chem. 2008, 60, 255.

[20]. P.E. John, P.V. Khadikar and J. Singh. J. Math. Chem. 2007, 42(1), 27.

77



MOHAMMAD R. FARAHANI, MIRANDA P. VLAD

[21]. M.V. Diudea, MATCH Commun. Math. Comput. Chem. 2010, 64, 569.

[22]. M.V. Diudea, Nanomolecules and Nanostructures - Polynomials and Indices,
MCM series, No. 10, Univ. Kragujevac, Serbia, 2010.

[23]. M.R. Farahani, K. Kato and M.P. Vlad. Studia Univ. Babes-Bolyai. Chemia
2012, 57(3), 177.

[24]. M.R. Farahani, Acta Chim. Slov. 2012, 59, 965.

[25]. M.R. Farahani, Int. J. Comput. Theoret. Chem. 2013, 1(2), 7.

[26]. M.R. Farahani, Int. J. Comput.Sci. Appl. 2013, 3(5), 1.

[27]. M.R. Farahani, J. Chem. Acta. 2013, 2, 43.

[28]. M.R. Farahani, Int. J. Theoret. Chem. 2013, 1(1), 1.

[29]. M.R. Farahani, World J. Sci. Technol. Res. 2013, 1(7), 135.

[30]. M.R. Farahani, World Appl. Sci. J. 2012, 20(9), 1248.

78



