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Abstract

A counting polynomial, called Omega Q(G,x), was proposed by Diudea. It is defined on the ground of “opposite
edge strips” ops. Theta @(G, X) :zc m(G,(:)C.XC polynomial can also be calculated by ops counting. In this

paper we compute this counting polynomial and its index for VV-phenylenic Planar, Nanotubes and Nanotori.

Copyright © acascipub.com, all rights reserved.

Keywords: Omega polynomial, Theta polynomial, goc strip, V-phenylenic Nanotubes and Nanotori.

Introduction

Mathematical calculations are absolutely necessary to explore important concepts in chemistry. Mathematical
chemistry is a branch of theoretical chemistry for discussion and prediction of the molecular structure using
mathematical methods without necessarily referring to quantum mechanics. In chemical graph theory and in
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mathematical chemistry, a molecular graph or chemical graph is a representation of the structural formula of a
chemical compound in terms of graph theory. A topological index is a numerical value associated with chemical
constitution purporting for correlation of chemical structure properties, chemical reactivity or biological activity.

Let G(V, E) be a connected molecular graph without multiple edges and loops, with the vertex set V(G) and edge set

E(G), and vertices/atoms X, y € V(G). Two edges e=uv and f=xy of G are called codistant (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 [1-3]:

e co e
ecof < fcoe
ecof & fcoh=ecoh

Set C(e)={f €E(G)|f coe}, denoting the set of all co-distant edges in G. If the relation “co” is transitive on

C(e) then C(e) is called an orthogonal cut “oc” of the graph G. Then G is called a co-graph and E(G) being the
union of disjoint orthogonal cuts.Let m(G,c) be the number of goc strips of length ¢ in the graph G. Four counting
polynomials have been defined [3-25] on the ground of qoc strips:

Q(G,x)=> . m(G,c)x*
Sd(G,x) =Y. m(G,c)x=I
®(G,x) =Y m(G,c)cx*

(G, x) = > m(G,c)ex "¢

The first derivative (computed at x=1) of these counting polynomials provide interesting topological indices:

Q'(G,)=> _m(G,c)xc=|E(G)|
®'(G,) = >  m(G,c)xc?
Sd'(G,1) =" m(G,c)x(E(G)|—c)
I1'(G,1) = Y _m(G,c)xc(E(G)|-c)

The aim of this report is to compute the Theta polynomial and Theta index of V-phenylenic planar, nanotube and
nanotori. Herein, our notation is standard and taken from the standard book of graph theory [26].

Results and Discussion

The structures of V-Phenylenic Planar, Nanotube and V-Phenylenic Nanotorus consist of several C,C¢Cg net. A
C4CsCg net is a trivalent decoration made by alternating C4, Cs and Cg. Phenylenes are polycyclic conjugated
molecules, composed of four-and six-membered rings such that every four membered ring (= square) is adjacent to
two six-membered rings (= hexagons) [27-32]. Following M.V. Diudea [33] we denote a VV-Phenylenic nanotube and
V-Phenylenic nanotorus by G=VPHX[m,n] and H=VPHY[m,n], respectively and also denote a V-Phenylenic planar
by K=VPHP[m,n]. A general representation of thees molecular graph are shown in Figure 1, Figure 2 and Figure 3.
In Refs [34-47] some topological indices of V-phenylenic nanotube and V-phenylenic nanotori are computed.
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Theorem 1. Consider the V-Phenylenic Planar K=VPHP[m,n] (¥m,n e[]), the Theta polynomial of VPHP[m,n]

is calculated by formulas:
n-1 .
oV m2n, O(VPHP[M,], X) = 2nmx*" +2n(3m—2n+1)x*" +8% ix* +m(n—1)x"
i=1
m-1 .
eV m<n, O(VPHP[m,N], X) =2n(m-1)x*"+2m(2n—-2m+3)x*" +8> ix” + m(n—1)x"
i=1

Then the Theta index of VPHP[m,n] is

V' m>n, @(VPHP[m,n]) =5nm*+12mn* 8,/ n*-4n*m** 8,/n
. m=zn, 6( [m,n]) A 8
. V m<n, O(VPHP[m,n]) =9nm?+4mn?- 8 m**3m?-4n* g4n

Proof of Theorem 1. Let K=VPHP[m,n] be the V-Phenylenic Planar, with 6mn vertices and 9mn-2n-m edges. To
compute the Theta polynomial of K, it is enough to calculate C(e) for every e in E(K). By using the result herein [7]
and from Figures 1, one can see that there are four types of edges-cut of K We denote the corresponding edges-cut

by Q (i=1,... Max{m,n}) and C; (i=1,2,3). By definition of Theya polynomial and Tables 1 and 2, we have

¥V m2n: @(VPHP[mn], ¥)= > m(VPHP[m,n],c).c.x’

n-1
=4%"(2i)x* +4n(m—n+1)x*" +2nmx*" +2n(m-1)x*" +m(n-1)x"
i=1
n-1
=2nmx*" +2n(3m—2n+1)x*" +8> ix* +m(n—-1)x"

i=1

Table 1: The number of co-distant edges, when m>n.

Type of edges-cut Number of co-distant edges No
Ci 2m n
m n-1
Cs 2n m-1
G Vi=l..n1 2i 4
G 2n 4(m-n+1)

m-1
vV m<n: @(VPHP[M,N], ) =4 (2i)x” +4m(n—m+1)x*" +2n0mx”" +2n(m—1)x*" +m(n—1)x"
i=1
m-1
=2n(m-1)x*" +2m(2n—2m+3)x*" +82ix2i +m(n-1)x"
i=1
Also, YV m>n:

i=1
ax x=1

n-1
=4nm’ +4n*(3m—-2n +1)+162i2 +(n-1)m?

i=1

n-1
G[anxzm +2n(3m-2n+1)x* +82 ix +m(n-1) x”‘J
@'(VPHP[m, n],x) |y = |
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n-1

-2
=5nm?+12mn°-8n°+4nm? +162|
=

%,—)
§é(2n3—3n2+n)

=5nm?+12mn? 8/ n-4n>m>"g/n
% %

Table 2: The number of co-distant edges, when m<n.

C; 2m n
m n-1
Cs 2n m-1
(; Yi=1,..m-1 2i 4
G 2m 4(n-m+1)

And also V m<n:

i=1
OX *=
=9nm?+4mn*- 83 m>*3m?2-4n%* 83 n

m-1
a(Zn(m—l) x*"+2m(2n-2m+3)x*" +82ix2i + m(n—l)x”‘j
© (VPHP[m,n]) = |

Here the proof is completed. [J
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Figure 1: The 2-Dimetional Graph V-Phenylenic Nanotube K=VPHP[m,n].
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Theorem 2. Let G be the V-Phenylenic nanotube VPHX[m,n] (Ym,n (1), Then the Theta polynomial of
VPHX[m,n] is equal to:

O(VPHX[m,n], x) =2mnx®" +6mnx*" +m(n-1)x"
And also the Theta index of VPHX[m,n] is equal to:
O(VPHX[m,n]) =5nm? +12mn? +m?

Proof of Theorem 2. Let G=VPHX[m,n] be the V-Phenylenic nanotube, with 6mn vertices and 9mn-m edges. From
Figures 2 and by using the results in reference [7], it is east to see that there are four types of edges-cut in G. We

denote the corresponding edges-cut by C; (i=1,2,3) and C. By definition of Theya polynomial and Tables 3, one can
see that

o(vPHX[mn], )= " m(VPHX [m,n],c).c.x°

=2mnx®™ +m(n-1)x™+ 2mnx*" +4mnx*"
=2mnx®™ +6mnx>" +m(n-1)x"

By definition of Theya index, we have
o(2mnx*" +6nmx”" +m(n-1)x" )
OX

O(VPHX[m,n]) = |,y =5nm? +12mn* +m?

Table 3: The number of co-distant edges, when m>n.

Type of edges-cut Number of co-distant edges No
Ci 2m n
m n-1
Cs 2n m
C 2n 2m

and this completes the proof.m

Theorem 3. Consider the V-Phenylenic Nanotori H=VPHY[m,n] with 6mn vertices/atoms and 9mn edges/bonds for
all integer number m,n. Theta polynomial and Theta index of H are equal to:

n-1 .
O(VPHY[m,n], x) = 2nmx" +2n(3m—2n+1)x*" +8) ix" + m(n—1)x"
i=1
O(VPHY[m,n]) =9nm*+4mn* 8 m®*3m?-4n* g4n

Proof. From Figure 3 and Table 4, the proof is analogous to the above proofs.

6(vPHY[m,n])= D" m(VPHY [m,n],c).cx’

2nm

=4mnx®™ +2mnx®" +2mnx?" +m(n-1)x™

And @(VPHY[m,n])= 8m*n? +5nm’® +4mn* -m* m
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Figure 2: The 2-Dimetional Graph V-Phenylenic Nanotube G=VPHX[m,n].

Table 4: The number of co-distant edges, when m>n.

Figure 3: The 2-Di-metional G-raph V-Phenylenic Nanotube H=-VPHY[m,n].



International Journal of Theoretical Chemistry
Vol. 1, No. 1, September 2013, PP: 01 - 08
Available online at http://acascipub.com/Journals.php

Acknowledgement

The author is thankful to Prof. Mircea V. Diudea from Faculty of Chemistry and Chemical Engineering Babes-
Bolyai University (Romania) and Prof. Ali Reza Ashrafi from Department of Mathematics of Faculty of Science of
University of Kashan (Iran) for their helpful comments and suggestions.

References

[1] B.E. Sagan, Y.N. Yeh and P. Zhang, Int. J. Quantum Chem. 1996, 60, 959.

[2] P.E. John, A.E. Vizitiu, S. Cigher, and M.V. Diudea, MATCH Commun. Math. Comput. Chem. 2007, 57, 479.
[3] M.V. Diudea, S. Cigher, P.E. John, MATCH Commun. Math. Comput. Chem, 2008, 60, 237.

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

[5] A.E. Vizitiu, S. Cigher, M.V. Diudea and M.S. Florescu, MATCH Commun. Math. Comput. Chem, 2007, 57, 457.
[6] A.R. Ashrafi, M. Ghorbani and M. Jalali, Ind. J. Chem. 2008, 47A, 535.

[7] A.R. Ashrafi, M. Ghorbani and M. Jalali. Digest J. Nano. Biostructures. 2009, 4(3), 403-406.

[8] M.V. Diudea and S. Klavzar. Acta Chim. Slov. 2010, 57, 565-570.

[9] M.V. Diudea, A.E. Vizitiu, M. Mirzargar, A.R. Ashrafi, Carpath. J. Math. 2010 26, 59-66.

[10] M.V. Diudea. Acta Chim. Slov. 2010, 57, 551-558.

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

[12] M.V. Diudea, Omega Polynomial. Carpath. J. Math. 2006, 22, 43-47.

[13] M.V. Diudea, A.R. Ashrafi, Acta Chim. Slov. 2010, 57, 559-564.

[14] M.V. Diudea, J. Math. Chem. 2009, 45, 309-315.

[15] M.V. Diudea, Iranian J. Math. Chem. 2010, 1(1), 69-77.

[16] M. V. Diudea, S. Cigher, A. E. Vizitiu, M.S. Florescu and P.E. John. J. Math. Chem. 2009 45, 316-329.

[17] M. Ghorbani. Digest J. Nano. Biostructures. 2011, 6(2), 599-602.

[18] M. Ghorbani. Iranian J. Math. Chem. 2011, 2(2), 1-65.

[19] M. Ghorbani, M. Ghazi Digest J. Nano. Biostructures. 2010, 5(4), 843-849.

[20] M. Ghorbani, M. Ghazi, S. Shakeraneh. Optoelec. Adv. Materials-Rapid Communications. 2010, 4(6), 893-895.
[21] M. Ghorbani and M. Jalali. Digest J. Nano. Biostructures. 2009, 4(1), 177-182.

[22] M. Ghorbani. Iranian J. Math. Chem. 2010, 1(1), 105-110.

[23] M. Saheli, M. Neamati, A. llic and M.V. Diudea. Croat. Chem. Acta 2010, 83(4), 395-401.

[24] H. Mesgarani, M. Ghorbani. Optoelectronics and Advanced Materials-Rapid Communications. 2010, 4(11), 1863-1865.

[25] M. Jalali and M. Ghorbani. Digest J. Nano. Biostructures. 2009, 4(3), 507-510.



International Journal of Theoretical Chemistry
Vol. 1, No. 1, September 2013, PP: 01 - 08
Available online at http://acascipub.com/Journals.php

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

[27] S. J. Cyvin and I. Gutman, Lecture Note in Chemistry, Springer-Verlag, Berlin, 1988. 46.

[28] I. Gutman and S. J. Cyvin, J. Chem. Phys. 1988, 147, 121-125.

[29] I. Gutman and S. J. Cyvin, J. Serb. Chem. Soc. 1990, 55, 555-561.

[30] I. Gutman and E. C. Kirby, J. Serb. Chem. Soc. 1994, 125, 539-547.

[31] I. Gutman, S. Markovic, V. Lukovic, V. Radivojevic and S. Randi¢. Coll. Sci. Papers Fac. Sci. Kragujevac, 1987, 8, 15-34.
[32] 1. Gutman, P. Petkovic and P.V. Khadikar, Rev. Roum. De Chimie. 1996, 41, 637-643.

[33] M.V. Diudea, Fuller. Nanotub. Carbon Nanostruct, 2002, 10, 273-292.

[34] V. Alamian, A. Bahrami and B. Edalatzadeh, Int. J. Mol. Sci. 2008, 9, 229-234.

[35] M. Alaeiyan, A. Bahrami and M.R. Farahani, Digest. J. Nanomater. Bios. 2011, 6(1), 143-147.

[36] J. Asadpour, Optoelectron. Adv. Mater.-Rapid Commun. 2011, 5(7), 769-772,

[37] A. Bahrami and J. Yazdani, Digest. J. Nanomater. Bios. 2009, 4(1), 141-144.

[38] M. DavoudiMohfared, A. Bahrami and J. Yazdani, Digest. J. Nanomater. Bios. 2010, 5(2), 441-445.
[39] M.R. Farahani, Int J Chem Model. 2013, 5(2) in press.

[40] M.R. Farahani, Acta Chimica Slovenica. 2013, 60(2) 429-432.

[41] M.R. Farahani, World Journal of Science and Technology Research. 2013, 1(7), in press.

[42] S. Aziz, A. Das. M. Peter, E. John And P.V. Khadikar. Iranian J. Math. Chem, 2010, 1(1), 79-90.
[43] P.E. John, S. Aziz, And P.V. Khadikar. Iranian J. Math. Chem, 2010, 1(1), 91-94.

[44] Z. Yarahmadi. Iranian J. Math. Chem, 2011, 2(2), 101-108.

[45] S. Moradi, S. Babarahimi and M. Ghorbani. Iranian J. Math. Chem, 2011, 2(2), 109-117.

[46] M. Ghorbani, H. Mesgarani, S. Shakeraneh, Optoelectron. Adv. Mater.-Rapid Commun. 2011, 5(3), 324-326.

[47] N. PrabhakaraRao and K.L. Lakshmi. Digest. J. Nanomater. Bios. 2010, 6(1), 81-87.



