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ARTICLE DETAILS ABSTRACT

Chemical Graph Theory an important branch of Graph Theory has become a very popu- lar research field among the

Article History:

researchers, due to its wide range of applications in Mathematical Chemistry, Theoretical Chemistry and
Received 28 November 2017 Pharmaceutical Chemistry. The molecular descriptors are the numerical invariants of a molecular graph used for
Accepted 29 December 2017 predicting their Physico-chemical properties and biological activity. In this article, we find closed formulas of edge
Available online 1 January 2018 version of molecular descriptors such as Atom-Bond Connectivity Index, Fourth Atom-Bond Connec- tivity Index,

Geometric Arithmetic Index, Fifth Geometric Arithmetic Index, Zagreb Index, Generalized Multiplicative Zagreb Index
and F-index of Polycyclic Aromatic Hydrocarbons molecular graph.
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1. INTRODUCTION . . . X .
chemistry was originated from structural chemistry. The first edge version

molecular descriptors was introduced in 1981 the advanced theory of
molecular branching and complexity. For several molecular descriptors
based on line graph of a molecular graph, more about its applications and
edge version of other molecular structures and nanotubes [1-12].

Chemical Graph Theory devotes graph theoretic ideas to encrypt the
structure of a molecule. A chemical graph refers to a mathematical object
that acknowledges the structure of various interconnections of a molecule.
A chemical graph is essentially a statement about vertices (nodes) and
edges (links) and their relations. A primal concept in chemical graph

theory, and in molecular connectivity, is the idea of valence (degree) of a The edge version of General Randi’c index was introduced and defined as

node encrypting atom, i.e., its connectivity degree. For a molecular graph (13]:

M, with the node set V (M) and link set E(M), a Molecular Descriptor

(Topological Index) is a numerical quantity that can be extracted from M. cRo(M) = Z (dpeany(1)-dpary (1)) (1.1)
The order of a graph is |V (M)|, represents cardinality of vertex (node) set weE(L(M))

denoted by m. The size of a graph is |E(M)|, represents cardinality of edge
(link) set denoted by n. The valency (degree) of a node u is the number of
edges incident to u denoted by du(u) or du or deg(u). su= £ v€éNu du,
where Nu = {v € V(M) : vu € E(M)}. The Line graph L(M) of a graph is the

for a € R and where dion(u) is the valency of the node e and diw)(v) is the
valency of the node v of line graph M.

In Gutman and Trinajistic defined the edge version of Zagreb index as [2]:

- = - ‘ — \g:é/ X& Mi(M) = Z (dpany(w) +dppn(v)® (1.2)
>3_§< s ) wEE(L(M))

PAH PAH. PAH. PAH‘ L[P;\Hl]
where diow(u) is the valency of the node u and dipw(v) is the valency of the
node v of line graph M.
Figure 1: First three members of PAH family and Line graph of its first Similarly,
member
Simple graph is that the links in M are replaced by nodes in L(M) and two Ma(M) = Z (dr oy (w)drany (v)® (1.3)

nodes in L(M) are connected whenever the corresponding links in M are
adjacent. The interest of study of topological indices is mainly associated
with its applications in QSAR/QSPR. The applications of line graphs in

wvEE(L(M))
Kulli generalized the first and second multiplicative Zagreb indices of a

Graph M as [14]:
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MMy = ]

weB(L(M))

(droan(u) + dpoan (v)® (1.4)

where di)(u) is the valency of the node u and duw(v) is the valency of the
node v of line graph M.

Similarly,

M) =[]

wvEE(L(M))

(drny(w)dpan(v))” (1.5)

Recently, Furtula and Gutman defined” forgotten topological index” or” F-
index” and its edge version is [15]:

FLM) = > dran@) = Y [dian@)® + doan@)?] (16)
eV (L{M)) zyeE(L(M))

Estrada et al reported the Atom Bond Connectivity index and its edge
version is defined [13]:

Z [dpan (W) +dpan(v) — 2

ABC (M) = —
‘ ) drn(w)dpan (v)

uve E(L((M)) \'J

where diow(u) is the valency of the node e and diw(V) is the valency of the
node v of line graph M. The fourth edge version of Atom Bond Connectivity
index is defined as

Z I‘."'S:,.;.m[u) +spanlv) —2 (1.8)

| ars w)sr i (v) — 2
wweB (L((M)) \, s(an)(w)s(ary (V)

ABCY(M) =

where syw)(u) is the sum of valency of the nodes adjacent with u and siov)(v)
is the valency of the nodes adjacent with v of line graph of M.

The difference of geometric and arithmetic mean is defined as the
Geometric Arithmetic index introduced by Vuki“cevi'c and Furtula and its
edge version is given [16]:

?\,-'xd:,.fnr y(udrany(v)

dr () +dpan(v)

CGAM) =
uve E(L{M))

(1.9)

And its fifth version is defined as

! P
24/ Loy (w)sLan (v)

LGAs(M) = (1.10)

wweB(L(M)) spoan(u) + spon(v)

where diw(u) is the valency of the node ediow (V) is the valency of the node
v of line graph M and sym)(u) is the sum of valency of the nodes adjacent
with u sLon(v)) is the valency of the nodes adjacent with v of line graph of
M.

In a study, they had reported generalized certain degree based and
generalized multiplicative indices of Polycyclic Aromatic Hydrocarbons
(PAH.). [14]. In this article, we compute the edge version topological
invariants of Polycyclic Aromatic Hydrocarbons (PAHx).

2. EDGE VERSION MOLECULAR DESCRIPTORS OF POLYCYCLIC
AROMATIC HYDROCARBONS (PAHn)

Unless stated otherwise, let M be the molecular graph of Polycyclic
Aromatic Hydrocarbons (PAHx) and G be the line graph of the molecular
graph of Polycyclic Aromatic Hydrocarbons (PAH,) n > 2. There are 6n2 +
6n nodes and 9n? + 3n links in M and also there are 9n? + 3n nodes and
18n2 links in G. Out of 9n% + 3n nodes in G, 9n% - 3n nodes are of degree

two and 6n nodes of degree four. Let us consider the edge partition of G
based on degree, the first edge partition has 12n links with dio(u) = 2 and
dimy(v) =4 and the second edge partition has 18n2 - 12n links with di(u)
= drow(v) = 4. We now compute the edge version of Randi’c, Zagreb, Atom
Bond Connectivity with its fourth version and Geometric Arithmetic index
with its fifth version of G.

Theorem 2.1 For any n € N, the edge version of GeneralRandi’c index of
Polycyclic Aromatic Hydrocarbons is

eRa(@) = 3n[232+2 4 2latl(zy _ 9

Proof:

Let G be the line graph of molecular graph of Polycyclic Aromatic
Hydrocarbons (PAHx). By the definition of edge version of General Randi’c
index (1.1) of any graph, we have

RalG) =

uve B{L{M))

— Z (4 x 4)°
(24)eE(L(M)) (44)sE(L(M))

= 12n(2 x 4)* + (18n° — 12n)(4 x 4)°

(drian(w).dpn(v))”

(2x4)"+

After simplification, we get
| Ty 342 Ao+
. [GJ = S'Il_g‘h-ﬁ-_ + ?1“ ](3}] — 2)]

Theorem 2.2 For any n € N, the edge version of First Zagreb index of
Polycyclic Aromatic Hydrocarbons is

eM1(G) = n[144n — 24].

Proof:

Let G be the line graph of molecular graph of Polycyclic Aromatic
Hydrocarbons (PAH.). By the definition of edge version of first Zagreb
index (1.2) of any graph, we have

M1 (G) > (dyan () +dian )

urEE(L{M))
2+4)+ >

(4,4)eE(L(M))

(24)eB(L{M))
=12n(2 + 4) + (18n% — 12n)(4 + 4)
= n[144n — 24] O

(4+4)

Theorem 2.3 For any n € N, the edge version of Second Zagreb index of
Polycyclic Aromatic Hydrocarbons is

Proof:

Let G be the line graph of molecular graph of Polycyclic Aromatic
Hydrocarbons (PAH.). By the definition of edge version of Second Zagreb
index (1.3) of any graph, we have

Ma(G) = )

uve E{L{MY)

(drany(w)dran(v)

= Y ex9+ Y

(24)EE(L{MY) (4A)EE(L{M))
12n(2 x 4) + (18n? — 12n)(4 x 4)
= n[288n — 96). O

(4 x 4)
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Theorem 2.4 For any n € N, the edge version of First Multiplicative Zagreb
index of Polycyclic Aromatic Hydrocarbons is

29 9
I'l" "tC'J — Ao lam 31_.(1?1

Proof:

Let G be the line graph of molecular graph of Polycyclic Aromatic
Hydrocarbons (PAH.). By the definition of edge version of First
Multiplicative Zagreb index (1.4) of any graph, we have

MG = ]

uveE({L{M))

S

(drany(w) + dpan (v)”

e+49*+ ]]

(24)e E(L(M)) (4 4)eE(L(M))
=(2+ _j[J]Qm.': % (4 +__1~}|,'13:|12—1'_}1’1J|'.c
_ q;‘i-lnmz—‘_’-lc.‘:n w 31‘_}(':1'4

(44+4)"

Theorem 2.5 For any n € N, the edge version of Second Multiplicative
Zagreb index of Polycyclic Aromatic Hydrocarbons is

’Lﬁt{f] . }f.'mg—]!f.m
E 7| = .

Proof:

Let G be the line graph of molecular graph of Polycyclic Aromatic
Hydrocarbons (PAH.).

By the definition of edge version of Second Multiplicative Zagreb index
(1.5) of any graph, we have

Me(Gy= ]

uveE{L{M))
(24)eE(L(M))
_ [2 w 4J12flf.1

Y T2an? -1 Jnn

(drany(uw) x dian(v)®

2x4*+ ]

(44)eB(L(M))

X (4 % 4}.,']:'1:'[2—1‘_3‘?:)&

(4 x4)°

Theorem 2.6 For any n € N, the edge version of F - index of Polycyclic
Aromatic Hydrocarbons is

Proof:

Let G be the line graph of molecular graph of Polycyclic Aromatic
Hydrocarbons (PAH.). By the definition of edge version of F - index (1.6)
of any graph, we have

F(G) = )

wveE(L(M))
= Y @+dH+ Y
(24)=E(L{M)) (44)=E(L(M))
12n(20) + (180 — 12n)(32)
= n[576n — 144]. O

[idmn(”J + (drian(v))” 2]

(41 + 4h

Q

Theorem 2.7 For any n € N, the edge version of Atom Bond connectivity
index of Polycyclic Aromatic Hydrocarbons is

LABC(G) = % [Qvfng — 12v/2n — 6v/6n

Proof:

Let G be the line graph of molecular graph of Polycyclic Aromatic
Hydrocarbons (PAH.).

By the definition of edge version of Atom Bond connectivity index (1.7) of
any graph, we have

) [dran(w) + dpan (@) — 2

ABC(G) = —
‘ ) d oy (w)dpan (v)

uve E(L(M)) \’I
[24+4—2 [44+4—2
j2rE— e jFrE—a
2 V 2xa 2 V axa
(24)eE(L{M)) (4 4)eE(L{M))
[2+4—2 : L j4+4-2

=12ny/ 2" T4 (18n? —12n)/ — %
AETTER Wi

— 6V + (m( 97; G)J\/(_i

= % [Qv%'rag —12y/2n — Gx/E-n] O

Theorem 2.8 For any n € N, the edge version of Atom Bond connectivity
index of Polycyclic Aromatic Hydrocarbons is

LGA(G) = 180 + 2n(3V2 — 6)

Proof:

Let G be the line graph of molecular graph of Polycyclic Aromatic
Hydrocarbons (PAH.). By the definition of edge version of Geometric
Arithmetic index (1.9) of any graph, we have

2 '\/d'L(M) (w)dpary(v)

(GA(G) =
weB L) dran (u) +dpan(v)
i Z 2\#2X4+ Z 2\I4X4
B 2+4 4 x4
uve(2,4) uve(4,4)
2\/2 x 4 2v/4 x4
= (12n) + (18n% — 12n e
244 4 x4
=18n% 4+ 2n(3V2 — 6) ]
Table 1: The edge partition of G, for n > 1.
(s(w),s(v)) Yuv € E(G) Number of edges
(8 12) 12
(8 14) 12n - 12
(12, 14) 12
(14, 14) 12n - 18
(14, 16) 12n - 12
(16, 16) 18n2-36n+18

Theorem 2.9 For n > 1, let G be the line graph of molecular graph of
Polycyclic Aromatic Hydrocarbons [PAHn]. Then

2 _1ap 4
Q)= 3[V3+nvZ — Ve + 2189

e _-‘-1 B (_-'l I[
e

3 . .
+ :[4\..54- (n—1)v35+ (2n — Sjvﬁ]
7

Proof:

Let G be the line graph of molecular graph of Polycyclic Aromatic
Hydrocarbons (PAH.).

By the definition of edge version of Fourth Atom Bond Connectivity index
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(1.8) of any graph, we have

.1’|]1—J J16+14 -2

5 ‘3 t

£ | 2 /_. 1 £ EET I ET IR
weddy | O wwe(12,14 ‘l' : une(16,14 ."' 16 14
: "—' / }LH : Z / l\Lll i — "; ?'!"\-JH'_
uve(8 ¥ wwe(1d uve(16,16) S
[8+12 -2 12+14-2 . f16+14 -2
124/ + 124/ + (120 — 12)y | ————
Vea12 V1izxm I TEST
(B+14-2 Lo 14+ 14-2
+(12n — 12)y | ———— + (12n — 18) | ————
VoExr V iixd
1 qon (16+16—2
t+ (18n° — 3bn + 18)y | ——————
' V6= 16

After Simplification, we get

o — O — 18n+9 —
ABCYG) = 3V + nv2 — VI 4 — V30

'—|1\.ul."—1\!‘-1| 2n — 340 |

Corollary 2.10 If G be the line graph of molecular graph of Polycyclic
Aromatic Hydrocarbons [PAH:], then

ABCY(G) = T.412

Theorem 2.11 For n > 1, let G be the line graph of molecular graph of
Polycyclic Aromatic Hydrocarbons (PAHx). Then

GAS(G) = 180 — 2n + L [(an — )yvTT + VB + Byam 4 W 12) 2
Bl 13

Proof:

Let G be the line graph of molecular graph of Polycyclic Aromatic
Hydrocarbons (PAH.). By the definition of edge version of Fifth Geometric
Arithmetic index (1.10) of any graph, we have

EERY | 5 2yTIXT6
3+ 12 £ L 1: ]
sHis (1414 eE(L(M) (14, 16)=E(L(M])) 14+ 16
2/ Bx 14 2,16 > 16
} ALt 5 3 e
1 L L 16 + 16
(8 (14,14)=E(L(M)) (16,18)=E(L{M))
2VIXTT o 02V
R I TV Ti]
7 21T = 1T . T x 24
f Dy — 1 W _ap
t (12 18) TN t+ (18n° — 36n + 18) Y
r M —  4(12n-12) = -
= [{n —4) /T 4 w] /T3 = 7. O

5L

Corollary 2.12 If G be the line graph of molecular graph of Polycyclic
Aromatic Hydrocarbons [PAH1], then

" A 54 o |

17.7576.

3. CONCLUSION

In this article, we reported closed formulas of edge version of molecular
descriptors such as Atom-Bond Connectivity Index, Fourth Atom-Bond
Connectivity Index, Geometric Arithmetic Index, Fifth Geometric
Arithmetic Index, Zagreb Index, Generalized Multiplicative Zagreb Index
and F-index of Polycyclic Aromatic Hydrocarbons molecular graph.
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