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Abstract: Graph theory has provided chemists with a variety of useful tools, such as topological indices. A
topological index Top(G) of a graph G is a number with the property that for every graph H isomorphic to G,
Top(H) = Top(G). In this paper, we compute ABC index, ABC, index, Randic index, sum connectivity index,
GA index, GAs index, first Zagreb index, second Zagreb index, first multiple Zagreb index, second multiple
Zagreb index, augmented Zagreb index, harmonic index and hyper Zagreb index, first Zagreb polynomial,
second Zagreb polynomial, third Zagreb polynomial, forgotten topological index, forgotten polynomial and
symmetric division index of Cetirizine.
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I. INTRODUCTION
Ceterizine was discovered in Belgium by a multinational biopharmaceutical company, Union Chimique
Belge(UCB) during 1980°s. This drug came into medical use in the year 1987. It is used to treat the symptoms
of allergic reaction like watery eyes, a runny rose, sneezing, itchy eyes and throat etc. It’s molecular formula is
Cz1 HasCl N2O3,

Figure 1 - Cetirizine

Topological indices are the molecular descriptors that describe the structures of chemical compounds
and they help us to predict certain physic-chemical properties like boiling point, enthalpy of vaporization,
stability, etc. Molecules and molecular compounds are often modeled by molecular graph. A molecular graph is
a representation of the structural formula of a chemical compound in terms of graph theory, whose vertices
correspond to the atoms of the compound and edges correspond to chemical bonds. Note that hydrogen atoms
are often omitted. All molecular graphs considered in this paper are finite, connected, loop less and without
multiple edges. Let G = (V, E) be a graph with vertex set V and edge set E. The degree of a vertex ueE(G) is
denoted by d, and is the number of vertices that are adjacent to u. The edge connecting the vertices u and v is
denoted by uv.

The atom-bond connectivity index, ABC index is one of the degree based molecular descriptor, which
was introduced by Estrada et al. [7] in late 1990°s and it can be used for modeling thermodynamic properties of
organic chemical compounds, it is also used as a tool for explaining the stability of branched alkenes [8]. Some
upper bounds for the atom-bond connectivity index of graphs can be found in [3]. The atom-bond connectivity
index of chemical bicyclic graphs, connected graphs can be seen in [4, 30]. For further results on ABC index of
trees see the papers [11, 21, 29, 31] and the references cited there in.

Definition.1.1. Let G= (V, E) be a molecular graph and d, is the degree of the vertex u, then ABC index of G is
defined as,
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ABC(G) = Z d,+d, —2
T4 dd
The fourth atom bond connectivity index, ABC4(G) index was introduced by M.Ghorbaniet al. [15] in 2010.
Further studies on ABC,(G) index can be found in [9, 10].

Definition.1.2. Let G be a graph, then its fourth ABC index is defined as,
ABC,(G) = Sutsy—2

uveE(G)

where S, is sum of degrees of all neighbors of vertex uin G. In other words s, = ¥,y e (s dy, similarly Sy.

The first and oldest degree based topological index is Randic index [23] denoted by ¥(G) and was introduced by

Milan Randic in 1975. It provides a quantitative assessment of branching of molecules.

SuSv

Definition.1.3. For the graph G Randic index is defined as,

© -
x(G) = :
uveE(G) dud"
Sum connectivity index belongs to a family of Randic like indices and it was introduced by Zhou and N.
Trinajstic[33]. Further studies on Sum connectivity index can be found in [34, 35].

Definition.1.4. For a simple connected graph G, its sum connectivity index S(G) is defined as,
1
S(G) = :
uveE(G) du+d"
The geometric-arithmetic index, GA(G) index of a graph G was introduced by D. Vukicevi’cet.al[27]. Further
studies on GA index can be found in [2, 5, 32].

Definition.1.5. Let G be a graph and e =uv be an edge of G then
GACG) = 2,/d,d,
B d, +d,’
e=uveE(G)
The fifth geometric-arithmetic index, GAs(G) was introduced by A.Graovac et al [16] in 2011.

Definition.1.6. For a Graph G, the fifth Geometric-arithmetic index is defined as,

2,/SuSy

)
Sy + 8
uveE(G) b M

where S, is the sum of the degrees of all neighbors of the vertex u in G, similarly S,,.

A pair of molecular descriptors (or topological index), known as the first Zagreb index Z;(G) and
second Zagreb index Z,(G), first appeared in the topological formula for the total m-energy of conjugated
molecules that has been derived in 1972 by I. Gutman and N.Trinajsti’c[17]. Soon after these indices have been
used as branching indices. Later the Zagreb indices found applications in QSPR and QSAR studies. Zagreb
indices are included in a number of programs used for the routine computation of topological indices POLLY,
DRAGON, CERIUS, TAM, DISSI. Z,(G) and Z,(G) were recognize as measures of the branching of the carbon
atom molecular skeleton [20], and since then these are frequently used for structure property modeling. Details
on the chemical applications of the two Zagreb indices can be found in the books [25, 26]. Further studies on
Zagreb indices can be found in [1, 18].

GAs(G) =

Definition.1.7. For a simple connected graph G, the first and second Zagreb indices were defined as follows,
L© = ) @+d), LO= ) (@dd)

e=uveE(G) e=uveE(G)

Where d, denotes the degree (number of first neighbors) of vertex v in G.

In 2012, M. Ghorbani and N. Azimi [14] defined the Multiple Zagreb topological indices of a graph G,
based on degree of vertices of G.
Definition.1.8. For a simple connected graph G, the first and second multiple Zagreb indices were defined as
follows
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@ = [ @+, @ = [] @an.
e=uveE(G) e=uveE(G)

Properties of the first and second multiple Zagreb indices may be found in [6, 19].

The augmented Zagreb index was introduced by Furtulaet al [12]. This graph invariant has proven to be a
valuable predictive index in the study of the heat of formation in octane’s and heptanes, is a novel topological
index in chemical graph theory, whose prediction power is better than atom-bond connectivity index. Some
basic investigation implied that AZI index has better correlation properties and structural sensitivity among the
very well established degree based topological indices.

Definition.1.9. Let G = ( V, E) be a graph and d, be the degree of a vertex u, then augmented Zagreb index is

denoted by AZI(G) and is defined as,
dydy  7°
@ =) [

uveE
Further studies can be found in [22] and the references cited there in.

The harmonic index was introduced by Zhong[36]. It has been found that the harmonic index correlates well
with the Randic index and with the n-electron energy of benzenoid hydro carbons.

Definition.1.10. Let G = (V, E) be a graph and d, be the degree of a vertex u then harmonic index is defined as,

G Z du-zl-dv'

e=uveE(G)
Further studies on H(G) can be found in [28, 34].
G.H. Shirdel et.al[24] introduced a new distance-based of Zagreb indices of a graph G named Hyper-Zagreb
Index.

Definition.1.11 . The hyper Zagreb index is defined as,

HM(G) = Z (dy +d,)%
e=uveE(G)
Fath-Tabar [37] introduced the third Zagreb index in 2011. which is defined by,

Definition.1.12. For a simple connected graph G, the third Zagreb index is defined as,
266 = Y 1dy—dyl
e=uveE(G)
Again in 2011 Fath-Tabar [37] introduced the first, second and third Zagreb Polynomials as follows by,
Definition.1.13. The first, second and third Zagreb Polynomials for a simple connected graph G is defined as,
7G,(G,x) = 2 xdutdy,

e=uveE(G)
7G,(G,x) = Z xFudv,

e=uveE(G)
72G3(G,x) = Z x!du=dvl,

e=uveE(G)

Definition.1.14. The forgotten topological index is also a degree based topological index, denoted by F(G) for
simple graph G. It was encountered in [13], defined as,
F@= ) [+ @),

e=uveE(G)

Definition.1.15. The forgotten topological polynomials for a graph G defined as,
FGn =y aldts@r]

e=uveE(G)
Definition.1.16. There are some new degrees based graph invariants, which plays an important role in chemical
graph theory. These topological indices are quite useful for determining total surface area and heat formation of
some chemical compounds. These graphs invariants are as follow symmetric division index,
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SDD(G) = Z min(dy, d,) +m?X(du,dv) _
max(d,,d,) min(d,, d,)
e=uv

Il. MAIN RESULTS

Theorem.2.1. The atom bond connectivity index of Cetirizine is 20.712946.

Vi
Vi Vi
Vm Vu
V,
o
20 Vi
R v, Vi, Vv Vs
\" 23
s Vi
vlﬁ vln V“ V” Vn
Vi
Figure 2.

Proof: Consider a molecular graph of Cetirizine (C;Hp5CIN,O3). Let m;; denotes edges connecting the vertices
of degrees d; and d;. Two-dimensional structure of Cetirizine (as shown in the Figure-2) contains edges of the
type mys, Moo, Moz and mas. From the figure-2, the number edges of these types are |mys| = 3, |myy| = 11,
Imy;3| = 12 and [mg;3| = 3

~The atom-bond connectivity index of Cetirizine ABC(C,;H25Cl N,O3)

z d+d—2

uvek

1+3-2 2+42-2 2+3-2

= |my 4] |m2,2| T+|mz,3| T+| ma 5|

2 1 1 2
—3><\/;+11><\/;+12><\/;+3><§.

ABC(C21H25C| N203) = 20.712946.

3+3-2

Theorem.2.2. The fourth atom bond connectivity index of Cetirizine is 16.377236.

Proof: Let e;; denotes the edges of Cetirizine with i = S, and j = S,. It is easy to see that the summation of
degrees of edge end points of Cetirizine have eight edge types €34, €35 €44, €45, €55 €56, €57, aNd €79as shown
in the following figure - 2. Clearly from the figure -2, |es4| =2, |ess| =1, [e44| =3, |eas| =5, |ess|= 6, |esel =3
|e5'7| =6 and |e7’g| =3

The fourth atom-bond connectivity index of Cetirizine ABC,4(CyH,sCIN,O3)

S, +s,—2

SuS
uweE(G) urv

=|mg_4|( = 2>+|m35|( 3+§5—)+|m4,4|< /$)+|m4,5|( /%) +|m5,5|( 5;?5-2>+
|m5'6|< ’5-;6 2)+|m57|< 5-;77 2) +|m79|< 74;992)
=2><\/EZ+1><\/:%+3 (+5x(+6x(+3x(+6x(+3x\/7

ABC4(C21H25CIN203) =16.377236.

-
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Theorem.2.3. The Randic connectivity index of Cetirizine is 13.13103.

Proof: Randic connectivity index of Cetirizine y(CyH,5CIN,05)
1

= ZuveE(G) ﬁ

|m13|( )+| 22|( )+| 23|( )+| 33|(\/%)

SX(\/_)+11><()+12><(\/_)+3><()
« ¥(CyH2CIN,O;) = 13.13103.

Theorem.2.4. The sum connectivity index of Cetirizine is 13.591308.
Proof: Consider the sum connectivity index of Cetirizine S(C,;H,5CIN,O3)
1

= ZuveE(G)\/ﬁ
= Il (53) + Imal (G3) + sl (753) + sl (75)

—3x()+11x()+12x(\/_)+3><(\/—g)
2S(C1Hy5CIN,O5) = 13.591308.

Theorem.2.5. The geometric-arithmetic index of Cetirizine is 28.355627.
Proof: The geometric-arithmetic index of Cetirizine GA(C,;H,5CIN,03)

= YeuveE(®) Zdudfdd:
) o (52 s 3 + ] (22,
—3><(M)+11x(2‘r)+12><(”—)+3><(@)

Theorem.2.6. The fifth geometric-arithmetic index of Cetirizine is 28.7969.
Proof: The fifth geometric-arithmetic index of Cetirizine GAs (C21H25CIN;O3) = Xper6) 2\/susy

Sy tsy

= lesl (55) + less| () + lenal (5) + leas| (555) + less| (352) + lesil (357) +
|35'7|(2;/;)+| 79|(7+9)
= 2% (22) 1 1% (B5) 3% (20) 45 ¢ (220) 46 x (22) 4 3% (22) 4
6% (53) +3x(59)
~GAs(CoHpsCIN,Os) = 28.7969,

Theorem.2.7. The first Zagreb index of Cetirizine is 134.
Proof: First Zagreb index of Cetirizine Z;(C,;H25CIN,O5)
= Ze:quE(G)(du + dv)
= |my3|(1 + 3) + [my2| (2 + 2) + |my3|(2 + 3) + |ms 3|3 +3)
=3x(1+3)+11x2+2)+12x2+3)+3x(3+3)
=3%x4+4+11x4+12%x5+3x%x6.
Zl(C21H25CIN203) =134.

Theorem.2.8. The second Zagreb index of Cetirizine is 152.
Proof: The Second Zagreb index of Cetirizine Z,(C,;H25CIN,O3)
=Ye-w €E(G) (dy-dy)
= |my3|(1.3) + |my2|(2.2) + |my3[(2.3) + |ms5|(3.3).
=3(3) +11(4) +12(6) + 3(9).
Zz(C21H25CIN203) =152.

Theorem.2.9. The first multiple Zagreb index of Cetirizine is 1.416 x 10%°.
Proof: The first multiple Zagreb index of Cetirizine PM;(C,;H»5CIN,O5)
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= 1_[ (du + dv)
e=uveE(G)

= 1_[ (d, +d,) 1_[ (d, +d,) H (d, +d,) 1—[ (dy +dy)

e=uvel,3 e=uve2,2 e=uve2,3 e=uve3,3
=43 x 411 x 512 x 63,
-'-PMl(C21H25CIN203) = 1.416 x 10%°.

Theorem.2.10. The second multiple Zagreb index of Cetirizine is 1.797 x 1020,
Proof: The second multiple Zagreb index of Cetirizine PM1(C,;H25CIN,O3)

=[] @

e=uveE(G)
[ @an [] @ [] @ad [] @edd.
e=uvel,3 e=uve2,?2 e=uve2,3 e=uve3,3

=33 x 411 x 612 x 93,
.'-PM]_(C21H25CIN203) =1.797 X 1020.

Theorem.2.11. The augmented Zagreb index of Cetirizine is 228.29688.
Proof: The augmented Zagreb index of Cetirizine AZI(G) (C»H»5CIN,O3)

_ dydy 13
- ZuveE .

dy+dy—2
3
|m13| [1+3 2] + |m22|[2+2 2] + |m23| [2+3 2] + |m33|[3+3 2] '

=3><(§) +11><(5) +12><(§) +3X(Z)3'

~AZI(G) (CyHsCIN,03) = 228.29688.

Theorem.2.12. The harmonic index of Cetirizine is 12.8.
Proof: The harmonic index of Cetlrlzme H(C,1H,5CIN,O3)

Ze quE(G)d +dy

|m13|(1+3)+| 22|(i)+| 23|(i)+|m3'3|(ﬁ)'
=3x (Y +11x(F)+12x () +3x(%).

H(C21H25C|N203) =128.

Theorem.2.13. The hyper Zagreb index of Cetirizine is 632.
Proof: The hyper Zagreb index of Cetirizine HZ(C,;H25CIN,O3)
= Ze:quE(G)(du + dv)z-
= |mys|(1 + 3)? + |mya|(2 + 2)? + [mys|(2 + 3)% + |ma 3| (B + 3)2
=3Xx4%+11x424+12x5%+3 X 62,
i HZ(C21H25CIN203) =632.

Theorem.2.14. The first Zagreb polynomial of Cetirizine is 3x® + 12x° + 14x*.
Proof: First Zagreb polynomials of Cetirizine ZG;(C,;H25CIN,O3)
Ze uveE(G)x u+dv'
= |mys|x @ + [my,|x @D + |my 5 [x @D + |my 5| xCF,
=3xx*+11xx*+12xx° +3 x x°.
-'-ZG]_(C21H25CIN203, X) = 3x6 + 12x5 + 14x4.

Theorem.2.15. The second Zagreb polynomials of Cetirizine is 3x° + 12x° + 11x* + 3x3.

Proof: Second Zagreb polynomials of Cetirizine  ZG,(CyH25CIN,O3, X)
Ze uveE(G)xd dv
= |m1,3|x(1 34 |m2,2|x(2-2) + |m2,3|x(2-3) + |m3_3|x(3-3).

=3xx34+11xx*+12 xx%+ 3 xx°.
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.'.ZGz(C21H25CIN203,X) = 3x9 + 12x6 + 11x4 + 3x3.

Theorem.2.16. The third Zagreb polynomials of Cetirizine is 3x% + 12x + 14.
Proof: Third Zagreb polynomials of Cetirizine ZG3(C,;H»5CIN,O3 ,X)

= Z seldu—dyl
e=uveE(G)
= [my |23+ [my |22 720 + [my s |x 2731 + |mg 5|33
=3xx?+11xx%+12 xx? 4+ 3 x x°.
2 ZG3(Cy1HasCIN,Og, X) = 3x2 + 12x + 14.

Theorem.2.17. The forgotten topological index of Cetirizine is 328.
Proof: Consider Forgotten topological index of Cetirizine F(C,;H,5CIN,O3)
= Ze:uVEE(G)[(du)z + (dv)z]
|mys|(12 + 32) + |my,| (22 + 22) + |my3|(2% + 3%) + |ms3|(3% + 32).
=3x10+11x8+12x 13+ 3 x 18.
F(C21H25C|N203) = 328.

Theorem.2.18. The forgotten polynomials of Cetirizine is 3x'8 + 12x13 + 3x1° + 11x8.
Proof: Consider forgotten polynomials of Cetirizine FP(CyH,5CIN,O3, X)
- Z S [@)?+(d)?]
e=uveE(G)
2 2 2 2 2 2 2 2
— |m1,3|x(1 +3 )+ |m2,2|x(2 +2 )+ |m2,3|x(2 +3 )+ |m3,3|x(3 +3 ).
=3xx0+11xx8+12xx13 +3xx!8,
FP(C21H25C|N203, X) = 3x'8 + 12x13 + 3x10 + 11x8.

Theorem.2.19. The symmetric division index of Cetirizine is 64.
Proof: Symmetric division index of Cetirizine SDI(C,;H25CIN,O3)

B Z {min(du,dv) N max(du,dv)}
e max(d,,d,) min(d,,d,)
min(1.3) max(1.3) min(2.2) max(2.2)
= [my 4] - + | ma| -
max(1.3)  min(1.3) max(2.2) min(2.2)
N | | min(2.3) max(2.3) | | min(3.3) max(3.3)
M3 max(2.3) min(2.3) M33 max(3.3) min(3.3)
=3X T+ 1IX2+12X2+3 X2,
-'-SDI(C21H25CIN203) = 64.

I11. CONCLUSION
ABC index, ABC, index, Randic connectivity index, Sum connectivity index, GA index , GAs index,
first Zagreb index, second Zagreb index, first multiple Zagreb index, second multiple Zagreb index, augmented
Zagreb index, Harmonic index and hyper Zagreb index, first Zagreb polynomial, second Zagreb polynomial,

Third Zagreb polynomial, Forgotten polynomial, Forgotten topological index and symmetric division index of
Cetirizine was computed.
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