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ABSTRACT

Let G be a simple connected graph having vertex set V and edge set E. The length of the smallest
path between vertices u,veV(G) is called the distance, d(u,v), between the vertices u,v.
Mathematical chemistry is the area of research engaged in new application of mathematics in
chemistry. In mathematics chemistry, we have many topological indices for any molecular
graph, that they are invariant on the graph automorphism. The length of the smallest path
between vertices u,ve V(G) is called the distance, d(u,v), between the vertices u,v. For an edge
e=uveE(G), ny,(e|G) represents the number of vertices of G whose distance to u is less than the
distance to v in G and n,(e|G) represents the number of vertices of G whose distance to v is less
than the distance to u in G.

In 2010, A Iranmanesh et.al introduced the new topological indices. The Co-Pl, index is the

vertex version of Co-PI topological index and is defined as
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Co-PI,G)= z |nu €e|G)—-n, (e |G)|. In this present study, we introduce a closed formula of

ecE (G)

this new index of the Polycyclic Aromatic Hydrocarbon systems PAH

Keywords: Molecular graphs, chemical structures Polycyclic Aromatic Hydrocarbon

(PAHy), Circumcoronene series of Benzenoid; Padmakar-lvan index; Co-Pl index; Cut
Method; Orthogonal Cut.

INTRODUCTION

Mathematical chemistry is the area of
research engaged in new application of
mathematics in chemistry. Major areas of
research in mathematical chemistry include
chemical graph theory. Chemical graph
theory applies graph theory to mathematical
modelling  of chemical = phenomena.
Polycyclic aromatic hydrocarbons (PAHy)
are a group of over 200 different chemicals
formed when wood, coal, oil, gasoline or
other organic materials are burned. They can
also be formed in food when fish or meats
are charbroiled. "Polycyclic aromatic
hydrocarbon” is just a mouthful for an
organic molecule in space—not just any
organic molecule, but one with a structure
sturdy enough to survive the harsh
environment between stars. Usually called
"PAHSs," this class of molecule is almost
certainly the culprit responsible for the
unidentified infrared emission (UIR) bands
discovered in the early 1970s. The UIR
bands are seen in many different kinds of

objects from starburst galaxies to comets, so

understanding their origin is very important.
Because the UIR bands are so common, the
PAHs which produce them must account for
a sizeable fraction of all interstellar carbon in
our galaxy and others. Estimates run as high
as 15% or more!
What is a

hydrocarbon?

polycyclic  aromatic
The place to start is with the simplest PAH:
benzene. It's a hydrocarbon because it
consists entirely of hydrogen and carbon
(CeHg). The carbon atoms are arranged in a
hexagonal structure with one hydrogen atom
attached to each carbon atom. Because
benzene has only one ring, it's not really
polycyclic (does this make it monocyclic—a
MAH?).

Each carbon atom has four electrons to share.
One goes to the hydrogen atom, and one each
to the two neighboring carbons. This leaves
one to share with one of its two neighboring
carbon atoms, which is why the benzene
molecule is drawn with alternating single and

double bonds around the hexagon. But at any
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time, there's no way to know which bonds are
single and which are double. Many chemists
just draw a circle around the inside of the
ring to show that there are six electrons

floating around. Hydrocarbons with this

o

Mapthalene

96

Coronene
Co4H12

Pyrene
CipH10

PAHs generally consist of several hexagonal
rings. The figure to the left illustrates a few
common simple PAHSs. Further details on
these chemical structures can be seen in [1-
36].

Let G be a simple connected graph having
vertex set V and edge set E. The length of the
smallest path between vertices u,veV(G) is
called the distance, d(u,v), between the
vertices uy. For an edge e=uveE(G),
nu(e|G) represents the number of vertices of
G whose distance to u is less than the

distance to v in G and ny(e|G) represents the

W(G) =

Chrysene
CqgH12

Qvalene -
C32H14 H H
Figure 1: [14] Some example of Polycyclic Aromatic Hydrocarbon PAH,.

structure are called aromatic (because they
generally stink—no kidding!) The electrons
float above and below the ring, and the
electromagnetic fields they generate keep the

ring flat.

number of vertices of G whose distance to v
is less than the distance to u in G. Similarly,

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

number of edges of G lying closer to v than
u. For a vertex ueV(G), the number of
vertices adjacent to the vertex u is called the

degree of u, d(u).

H. Wiener [37] defined the first distance
based topological index, named as Wiener
index. The Wiener index of a graph G is

defined as

> du,v)

{u.v}eVv(G)
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Later, Gutman, Ashrafi and Klavzar proposed new distance based topological indices the Szeged

index and the edge Szeged index [38, 39]. These indices for a graph G is defined as
Sz,(G) =2 (n, (|G)xn, (e|G))

Sz,(G) =

e=uveE(G)

For further details see [40-43].

(m,(elG)+m,(e]G))

Agarwal and Ashrafi [44, 45] defined the vertex Pl index and edge PI index of a graph G as
Ple (G)= >, (m,(lG)+m,(€]G))

ecE(G)

Pl, (G)= Y. (n,e|G)+n,(€|G))

eckE (G)

respectively. For history and recent results we refer [46-48].

Recently, Hasani [49] and Farahani [50] introduced the Co versions of these topological indices

as follow:

Co-PI,G)= Y |n,€IG)-n,€|G)

eeE G)

Co-Ple(G)= > |m,(e|G)-m,(e|G)|

ecE(G)

In this paper, we computed the vertex Co-PlI

index of the Polycyclic Aromatic
Hydrocarbons molecular structure.

Main Results

The first three members or Polycyclic
Aromatic Hydrocarbons (PAHy) are Benzene,
Coronene and Circumcoronene as shown in

Figure 1. The general representation of

Co—PIV(PAHk):[

Polycyclic Aromatic Hydrocarbon is shown
in Figure 2. A general molecular graph of
Polycyclic Aromatic Hydrocarbon contains
6k>+6k vertices and 9k*+3k edges.

Theorem 1: Let the graph of Polycyclic
Aromatic Hydrocarbon (PAHy), then the
vertex Pl index of PAH is

2k4+gk3—2k2—gkj
3 3
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Figure 1. All orthogonal cuts of the Polycyclic Aromatic Hydrocarbons PAH

Proof: From Figure 2, it is clear that for each edges of PAH, so we can say that for all
edge of PAH there is an orthogonal cut C(e). edge e=uveCicE(PAHy)there are k+i
Also, notice that for orthogonal cut C; repetitions of the vertex partitions

(i=0,1,2,...,k); there are k+i co-distance Nu(e]PAHy) and Ny(e|PAHy) such that
nv(e|PAH)=[{x|x eV(PAH,),d(v,x)<d(x,u)}|= i*+2(k+1)i+k
that for all edge e=uveE(PAHy), N(e|PAH)=0 and n(e|PAH)=0.

Thus

[V(PAH\)|=n(e|PAH\)+n,(e|PAH\)+n,(e|PAH)
and nu(e|PAH)=|V(PAH)|-n,(e|PAH).
Therefore,

n, (e|PAH,) ={x/ xeV (PAH,), d (u,x) <d (x,v)}
= 6k +5k —i? —2(k +1)i
With the help of above calculation, now we compute the vertex Co-PIl index of Polycyclic
Aromatic Hydrocarbons PAHj,
Co-PI, (PAH, )= > |n, (€|PAH,)-n,(e|PAH,)|

e=uv eE (PAH )

1248
1JBPAS, June, 2016, 5(6)



Mohammad Reza Farahani et al Research Article

=6 3 (k)|n, €IPAH,)-n, (e |PAH,)

e=uv ECO

+6 > (k+D)|n, €|PAH,)-n, (e |PAH,)|

e=uv eC,

+.+6 Y (2k-D)|(n, € [PAH,)-n, (e [PAH,)|

e=uveCy_,

+3 >, (2k)|(n, € IPAH,)-n, (e |PAH,)|

e=uv eCy
_6 Z
+3 Z

e, =, v, Cy

=6 > (k+i)|(Bk 245k =i =2(k +1)i )~ (i%+2(k +1)i +k)

€; =U;V; C;

+6k Y |(6k7 4Bk —k2-2(k +D)k )—(k?+2(k +1)k +k )|

e, =U,Vy eCy

=6 Z (k+i)|6k”+4k —2i° -4k +1)i [+6k > 0

i =U;v; €C; ey =UyVvy eCy
=6 > (k+i)(6k?*+4k —2i* —4(k +1)i )

since ny(e|PAH)>n.(e|PAH).

=6 Z (2. —2(3k +2)i*+ 2k %i +2k * (3k +2))

k-1 k-1 k-1

:—12kii3—2(3k +2)) 12 +2k2Y i+ 2k *(3k +2)
i=1 i=1 i i=

4 3 2 3 2 2
=-12 k——k—+k— -2(3k +2) k——k—+£ +2k? Kk +2k*(3k +2)
4 2 4 3 2 6 2 2

(Zk +2k3 2k2—zkj-
3 3
And these computations complete the proof. m
CONFLICT OF INTERESTS REFERENCES
The authors declare that there is no conflict [1] E. Woodard, S. M. Snedeker,

of interests regarding the publication of this Polycyclic aromatic hydrocarbons and
paper. breast cancer risk, Cornell University
1249

1JBPAS, June, 2016, 5(6)



Mohammad Reza Farahani et al

Research Article

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Program on Breast Cancer and
Environmental Risk Factors in New
York State (BCERF), Fact sheet No.
41, July 2001.

U.E. Wiersum, L. W. Jenneskens. (Ed.:
Y. Valle. e), Gordon and Breach
Science Publishers, Amsterdam, The
Netherlands, 143-194, (1997).

J. Berresheim, M. Miiller, K. Mullen,
Chem. Rev. 99, (1999), 1747-1785.
C.W. Bauschlicher, Jr, E. L.O. Bakes,
Chem. Phys. 262, (2000), 285-291.
A.M. Craats, J.M. Warman, K. Mdllen,
Y. Geerts, J. D. Brand, Adv. Mater. 10,
(1998), 36-38.

M. Wagner, K. Millen, Carbon. 36,
(1998), 833- 837.

F. Dtz, J. D. Brand, S. Ito, L. Ghergel,
K. Millen, J. Am. Chem. Soc. 122,
(2000), 7707-7717.

K. Yoshimura, L. Przybilla, S. Ito, J. D.
Brand, M. Wehmeir, H. J.Rder, K.
Millen, Macromol. Chem. Phys. 202,
(2001), 215-222.

S. E. Stein, R. L. Brown, J. Am. Chem.
Soc. 109, (1987), 3721-3729

F. Dietz, N. Tyutyulkov, G.Madjarova,
K. Millen, J. Phys. Chem. B 104,

(2000), 1746-1761.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

S.E. Huber, A. Mauracher and
M.Probst. Chem. Eur. J. 9, (2003),
2974-2981.

K. Jug, T. Bredow, Models for the
treatment of crystalline solids and
Journal
Chemistry, 25 (2004) 1551-1567.

L. Guerrini, J.V. Garcia-Ramos, C.

surfaces, of Computational

Domingo, and S. Sanchez-Cortes.

Sensing Polycyclic Aromatic
Hydrocarbons with Dithiocarbamate-
Functionalized Ag Nanoparticles by
Surface-Enhanced Raman Scattering.
Anal. Chem. 2009, 81, 953-960.

G.C.

hydrocarbons

Webpage: Sloan  Polycyclic

aromatic PAHSs.
http://isc.astro.cornell.edu/~sloan/resear
ch/pah_info.html

J. H. Pacheco-Sanchez and G. Ali
Mansoori.

Tricritical phenomena in

asphaltene/aromatic hydrocarbon

systems. Revista Mexicana de Fisica 59

(2013) 584-593.

M. K. Jamil, M.R. Farahani, M.R. R.
Kanna, (2016), Fourth geometric-
arithmetic index of polycyclic aromatic
hydrocarbons (PAHK). The
Pharmaceutical and Chemical Journal
3(1) 94-99.

M.R. Farahani, H. M. Rehman, M. K.

Jamil, D. W. Lee, (2016), Vertex

1JBPAS, June, 2016, 5(6)

1250


http://isc.astro.cornell.edu/~sloan/resear

Mohammad Reza Farahani et al

Research Article

[18]

[19]

[20]

[21]

[22]

version of Pl index of polycyclic
The
Pharmaceutical and Chemical Journal,
3(1) 138-141.

M.R. Farahani. (2013), Zagreb indices

and Zagreb polynomials of polycyclic

aromatic hydrocarbons.

aromatic hydrocarbons, J. Chem. Acta,
2,70-72.

M.R. Farahani. (2013),
Schultz, Modified Schultz Polynomials
and Their

Benzene Molecules: First Members of

Hosoya,

Topological Indices of

Polycyclic  Aromatic
(PAHS),
Theoretical Chemistry. 1, 09-16.

M.R. Farahani. (2014), Schultz and
Modified Schultz

Coronene

Hydrocarbons

International  Journal of

Polynomials  of
Polycyclic Aromatic
Hydrocarbons. Int. Letters  of
Chemistry, Physics and Astronomy. 13,
1-10.

W. Gao and M.R. Farahani (2015),
Degree-based indices computation for
special chemical molecular structures
using edge dividing method, Applied
Mathematics and Nonlinear Sciences.
1(1) 94-117.

M.R. Farahani. (2015), Exact Formulas
for the First Zagreb Eccentricity Index

of Polycyclic Aromatic Hydrocarbons

[23]

[24]

[25]

[26]

[27]

(PAHSs). Journal of Applied Physical
Science International. 4, 185-190.

M.R. Farahani. (2015), The Second
Zagreb Eccentricity Index of Polycyclic
Aromatic Hydrocarbons PAHKk. Journal
of  Computational  Methods in
Molecular Design. 5(2), 115-120.

M.R. Farahani, W. Gao and M.R.
Rajesh Kanna. (2015), On the Omega
Polynomial of a Family of

Hydrocarbon  Molecules Polycyclic
Aromatic Hydrocarbons PAHK. Asian
Academic  Research  Journal  of
Multidisciplinary 2(7), 2015, 263-268.
M.R. Farahani, W. Gao. (2015), On
Multiple Zagreb indices of Polycyclic
Aromatic Hydrocarbons PAH. Journal
of Chemical and Pharmaceutical
Research. 7(10), 535-539.

M.R. Farahani, W. Gao. (2015), Theta
polynomial ®(G,x) and Theta index
®(G) of Polycyclic
Hydrocarbons PAHK.
Advances in Chemistry. 12(1), 3934-
3939.

M.R. Farahani and M.R. Rajesh Kanna.
(2015), The Pi polynomial and the Pi

Index of a family Hydrocarbons

Aromatic

Journal of

Molecules. Journal of Chemical and
Pharmaceutical Research. 7(11) 253-
257.

1JBPAS, June, 2016, 5(6)

1251



Mohammad Reza Farahani et al

Research Article

[28]

[29]

[30]

[31]

[32]

M.R. Farahani, W. Gao and M.R.
Rajesh Kanna. (2015), The Edge-
Szeged index of the Polycyclic
Aromatic Hydrocarbons PAHK. Asian
Academic  Research  Journal  of
Multidisciplinary 2(7) 136-142.

M.R. Farahani and M.R. Rajesh Kanna.
(2015), The Edge-PI

Aromatic

index of the
Polycyclic Hydrocarbons
PAHK. Indian Journal of Fundamental
and Applied Life Sciences. 5(S4), 614-
617.

M.K. Jamil, H.M. Rehman, M.R.
Farahani and D.W. Lee. (2016), Vertex
Pl Index of Polycyclic Aromatic
PAHK. The
Pharmaceutical and Chemical Journal.
3(1) 138-141.

M.R. Farahani, M.K. Jamil and M.R.
(2016), Fourth

Arithmetic

Hydrocarbons

Rajesh  Kanna.

Geometric Index  of
Polycyclic  Aromatic
(PAHK). The
Chemical Journal. 3(1) 1-6.

M.R. Farahani, M.K. M.R.
Rajesh Kanna and P.R. Kumar. (2016),

The Second Zagreb Eccentricity Index

Hydrocarbons
Pharmaceutical and

Jamil,

of Polycyclic Aromatic Hydrocarbons

PAHk. Journal of Chemical and

Pharmaceutical. 8(4) In press.

[33]

[34]

[35]

[36]

M.R. Farahani, M.K. M.R.
Rajesh Kanna and P.R. Kumar. (2016),

Computation on the fourth Zagreb

Jamil,

index of  Polycyclic  Aromatic
(PAHK).

Chemical and Pharmaceutical. 8(4) In

Hydrocarbons Journal of
press.

D.W. Lee, M.K. Jamil, M.R. Farahani
and H.M. Rehman. (2016), The Ediz
Eccentric

connectivity  index  of

Polycyclic  Aromatic  Hydrocarbons
PAHK. Scholars Journal of Engineering
and Technology, 4(3), 148-152.

L. Yan, Y. Li, M.R. Farahani, M. Imran
and M.R. Rajesh Kanna. (2016),
Computing the Szeged, Revised Szeged
and Normalized Revised Szeged
Indices of the Polycyclic Aromatic
PAHK.

Hydrocarbons Journal  of

Computational and Theoretical
Nanoscience. In press.

M. Jamil, M.R. Farahani, M. Ali Malik,
M. Imran. Computing the Eccentric
Version of Second Zagreb Index of
Polycyclic  Aromatic
(PAHK) Applied Mathematics
Nonlinear Sciences 1(1) (2016) 247-
251.

doi:10.21042/AMNS.2016.1.00019.

Hydrocarbons

and

1JBPAS, June, 2016, 5(6)

1252



Mohammad Reza Farahani et al

Research Article

[37] H. Wiener, Structural determination of [45] M.H. Khalifeh, H. Yousefi-Azari and
the paraffin boiling points, J. Am. A.R. Ashrafi, (2008). Vertex and edge
Chem. Sco., 69 (1947) 17-20. Pl indices of Cartesian product graphs.

[38] I. Gutman and S. Klavzar, An Discrete Appl. Math, 156, 1780 — 1789.
algorithm for the calculation of the [46] T. Mansour, M. Schork, The vertex PI
Szeged index of Benzenoid index and Szeged index of bridge
hydrocarbons, J. Chem. Inf. Comput. graphs, Discr. Appl. Math. 157 (2009)
Sci. (35) (1995) 1011-1014. 1600-1606.

[39] I. Gutman, A. R. Ashrafi, Croat. Chem. [47] P. V. Khadikar, S. Karmarkar, V. K.
Acta, 2008, 81 (2) 263. Agrawal, A novel Pl index and its

[40] K. Ch. Das and I. Gutman, Estimating applications to QSRP/QSAR studies, J.
the Szeged index, Appl. Math. Lett. 22 Chem. Inf. Comput. Sci. 41 (2001) 934—
(2009), 1680-1684. 949.

[41] 1. Gutman, P. V. Khadikar, P. V. Rajput [48] M.R. Farahani, M. K. Jamil, M. Imran,
and S. Karmarkar, The Szeged index of The vertex Pl topological index of
Polycene, J.Serb. Chem. Soc. 60 Titania  Nanotube TiO,;, AMNS
(1995), 759-764. 1(1)(2016) 170-176.

[42] M. H. Khalifeh, H. Yousefi-Azari, A. [49] F. Hasani, O. Khormali and A.
R. Ashrafi and 1. Gutman, The edge Iranmanesh, (2010). Computation of
Szeged index of product graphs, Croat. the first vertex of co-Pl index of
Chem. Acta 81 (2008), 277-281. TUC4Cg(S) Nanotubes, Optoelectron.

[43] T. Pisanski and M. Randi¢, Use of the Adv. Mater.-Rapid Commun. 4(4),
Szeged index and the revised Szeged 544-547.
index  for  measuring  network [50] M.R. Farahani, Using the cut method to
bipartivity, Discrete Appl. Math. 158 computing edge version of co-PI index
(2010), 1936-1944. of Circumcoronene series of Benzenoid

[44] P.V. Khadikar, P.P. Kale, N.V. Hy, Pacific Journal of Applied
Deshpande, S. Karmarkar, V.K. Mathematics. 5(3), 2013, 65-72.
Agrawal, (2001). J. Math. Chem. 29,

143.
1253

1JBPAS, June, 2016, 5(6)



