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SOME NEW TOPOLOGICAL INDICES OF ASPIRIN
SUHA A. WAZZAN

ABSTRACT. Acetylsalicylic acid (ASA), commonly known as Aspirin, is
a medicinal drug prescribed to treat pain, fever, or inflammation. Topo-
logical indices are graph invariants computed by the distance or degree
of vertices of the molecular graph. In chemical graph theory, topolog-
ical indices have been successfully used to describe the structures and
predict certain physicochemical properties of chemical compounds. In
this paper, we compute new topological indices, including the first and
second entire Zagreb indices, the first and second Zagreb eccentricity
indices, the Zagreb degree eccentricity indices, first and second locat-
ing indices, and Sanskruti index of Aspirin. In addition, some other
topological indices are calculated.

2010 MATHEMATICS SUBJECT CLASSIFICATION. 05C07; 05C30; 05C76.

KEYWORDS AND PHRASES. First and second entire Zagreb indices, First
and second locating indices, First and second Zagreb eccentricity indices,
Zagreb degree eccentricity indices, Sanskruti index.

1. INTRODUCTION

Aspirin, or acetylsalicylic acid (ASA), is an anti-inflammatory, pain re-
lieving medicinal drug. Its molecular formula is CoHgOy. See Fig. 1 below:

° (b)

Figure 1. (a) Aspirin structure; (b) The chemical structure of aspirin as
optimized at the DFT\B3LYB\6 — 31 + G (d, p) level of theory using

Gaussian 09 package

Note that hydrogen atoms are often omitted. The molecular graph repre-
senting Aspirin is shown in Fig. 2:
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Figure 2. Molecular graph of Aspirin

The molecular structure of a drug determines its pharmacological charac-
teristics. Topological indices can be considered as a transformation of a
chemical structure into a positive real number and have been used as a
predictor parameter. They are the molecular descriptors that describe the
structure of chemical compounds and aid in the prediction of certain physic-
ochemical properties, like boiling point, enthalpy of vaporizing, stability, etc.
Molecules and molecular compounds are often modeled by molecular graphs,
whose edges correspond to chemical bonds and vertices correspond to the
atoms of the compound. For a detailed explanation, let G = (V (G), E (G))
be the molecular graph, then the topological index can be considered as a
function of real values f : G — RT. Let G = (V, E) be a graph with vertex
set V and edge set E. The degree of a vertex v € V (G) is denoted by d, and
is the number of vertices that are adjacent to v. N (v) is the set of neighbors
of v. Let uv represents the edge between the vertices v and u. Define s (u)
to be the sum of the degree of all neighbors of vertex u in G. i.e.

(1) sa(u)= Y dy
ueN (u)

Alwardi et al. in [1], introduced the first and second entire Zagreb indices
of G as

(2) M{(G)= > (deg(x)),
2EV(G)UE(G)

and

3) M5 (G)= Y deg(w)- deg(y).
{zy}eB(G)

Where deg(x) denotes the degree of a vertex or edge = in G and B(G)
to be the set of all {z,y} such that {z,y} C V(G) U E(G) and members of
{z,y} are adjacent or incident to each other.

Wazzan and Saleh recently [15] introduced two new indices and named
them first and second locating indices which are defined as

(4) ME@) = Y (W)

v, €V(G)
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and

(5) ME@G) = Y T

ViVj €E(G)

Where ¥; = (d (v1,v) ,d (v2,v;),...,d (vn,v;)) , such that d (v, v;) is the
distance between the vertices v; and v; in G. The vector 7,— is called the
locating vector corresponding to the vertex v;.Where i - 7]' is the dot
product of the vectors ¢; and 7j in the integers space Z* U {0} such that
v; is adjacent to vj.

Recently, Hosamani [11] proposed the Sanskruti index and defined it as

B sa (u) s (v) 3
) 5@= 3 (g taw=s)

weE(G)

For vertices v;,v; € V (G), the distance dg (vs, vj5) is defined as the length
of the shortest path between v; and v; in G. The eccentricity (Id), of v; denote
the largest distance between v; and any other vertex of G, in other words

7 ld), = max dg (vs,v)).

(7) (), = ma e (v1,0;)

In analogy with the first and second Zagreb indices, Ghorbani et al. and
Vukiceci¢ et al. introduced the first and second Zagreb eccentricity indices,
[8], by replacing the vertex degrees with the eccentricities. The first Zagreb
eccentricity E7 and the second Zagreb eccentricity Fs indices of a graph G
are defined as

(®) E (@)= ) (),

v;€V(Q)

and

9) E(G)= Y (d),(ld);.
vv; EE(G)

The Zagreb degree eccentricity indices are introduced in [12]. First Zagreb
degree eccentricity DE7 and second Zagreb degree eccentricity D Fs indices
of a graph G are defined as

(10) DEy (G)= > ((ld);+d)?,
’Uq;GV(G)
and
(11) DEy(G)= Y ((ld)i—#di)((ld)j—l-dj).
vivj EE(G)

Other studies on Zagreb degree eccentricity indices can be found in [2]
and [20].
2. MAIN RESULTS AND PROOFS

Theorem 2.1. The first and second entire Zagreb indices of Aspirin are
156, and 358 respectively.
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Proof. First, using equation 2, we compute the first entire Zagreb index as

follows:

M7 (CyHgOy)

(deg (2))°

>

2€V(G)UE(G)

13
Z (deg (vi)) +Z (deg (e;))
i=1

4(1)* +5(2)? +4(3) +7(27+4(3) +2(4)°
156.

Second, through equation 3, we compute the second entire Zagreb index

M; (@)

deg (z) - deg (y)

>

z is either adjacent
or incident to y

deg (v1) deg (v3) + deg (v2) deg (v3) + deg (vs) deg (v4) + deg (v4) deg (vs) +
deg (vs) deg (v6) + deg (ve) deg (v7) + deg (vr) deg (vs) + deg (vs) deg (vg) +
)

deg (vg) deg (v4) + deg (vg) deg (vi0) + deg (vi0) deg (v11) + deg (v11) deg (v12) +

deg (v11) deg (v13) + deg (e1) deg (e2) + deg (e1) deg (es) + deg (e2) deg (e3) +
deg (e3) deg (e4) + deg (e3) deg (eg) + deg (e4) deg (e5) + deg (e4) deg (eg) +
deg (e5) deg (eg) + deg (eg) deg (e7) + deg (e7) deg (es) + deg (es) deg (e9) +

deg (es) deg (e10) + deg (eg) deg (e10) + deg (e10) deg (e11) + deg (e11) deg (e12) +

deg (e2) deg (v3) + deg (e3) deg (v3) + deg (e3) deg (v4) + deg (eq) deg (v4) +
deg (e4) deg (v5) + deg (e5) deg (vs) + deg (e5) deg (vg) + deg (es) deg (ve) +
deg (eg) deg (v7) + deg (e7) deg (vr) + deg (e7) deg (vs) + deg (es) deg (vs) +
deg (es) deg (v9) + deg (eg) deg (va) + deg (e9) deg (vg) + deg (e10) deg (v9) +

deg (e10) deg (v10) + deg (e11) deg (
deg (e12) deg (v12) + deg (e13) deg (
Hence

M5 (CoHgOy) 3x1
2x3

4 x4

3 x3
2x3
3 x2

4x3
2x2
3x2

4x3
2x2
3x3

A~ N N N~~~

The proof is complete.

v1p) + deg (e

(
(
(
(
(
(
deg (e11) deg (e13) + deg (e1) deg (v1) + deg (e1) deg (vs) + deg (e2) deg (v2) +
(
(
(
(
(
(

v11) + deg (e13

3 x2
1x3
3 x4

3 x3
3 x2
2x3

)+ B x3)+(3x2)+(
)+ (2x3)+ (1 x3)+(
)+ (B x2)+(3x4)+(
4x3)+B3x3)+(3x2)+(
)+ (4 x3)+(3x3)+(
)+ (2x2)+(3x2)+(
)+ (3x3)+(2x3)+(

2% 2)+( )+ ( )+
1x3)+( )+ ( )+
2% 2)+ ( )+ ( )+
3x2)+(2x1)+(2x3)+
3x2)+( )+ ( )+
3x3)+( )+ ( )+
2x1)+(2x3)+(2x1)

11) deg (v11) + deg (e12) deg (v11) +
d

) deg (v13)

2x 2
2 x 2
2 x 2

2x2
2x4
2x3

3 %2
2 x4
3 x4
2x1
2x2
3x3

2x 2
3x3
2x3

2x2
3x3
2x1

(3x2)
(2x4)
(3x4)
(2x1)
(2x2)
(3x3)

O

Theorem 2.2. The first and second locating indices of Aspirin are 1912,

and 1600 respectively.
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Proof. First, we compute ¥; for each v; € V (CoHgOy):

g
EE
EE
T
T
711
T3

0,2,1,2,3,4,5,4,3,4,5,6,6), U2 = (2,0,1,2,3,4,5,4,3,4,5,6,6) ,
1,1,0,1,2,3,4,3,2,3,4,5,5), U4 = (2,2,1,0,1,2,3,2,1,2,3,4,4) ,
3,3,2,1,0,1,2,3,2,3,4,5,5), U6 = (4,4,3,2,1,0,1,2,3,4,5,6,6) ,
5,5,4,3,2,1,0,1,2,3,4,5,5), Ts = (4,4,3,2,3,2,1,0,1,2,3,4,4),
3,3,2,1,2,3,2,1,0,1,2,3,3), T10 = (4,4,3,2,3,4,3,2,1,0,1,2,2),
5,5,4,3,4,5,4,3,2,1,0,1,1), U132 = (6,6,5,4,5,6,5,4,3,2,1,0,2),
6,6,5,4,5,6,5,4,3,2,1,2,0).

Then by use of equation 4, the first locating index of Aspirin is given by

MFE(CoHzOs) = Y (V)

v, EV(GQ)

= 197 +197+ 1204 73+ 116 4+ 173 + 160 + 105 +
64 4 93 + 148 4 233 + 233

= 1912.

and by using equation 5, the second locating index of Aspirin is given by

Mg (CoHsOy) = > Ui

viv; EE(Q)

= (71 . 73) + (72 : 73) + (73 : 74) + (74 . 75) + (75 . 76) +
(Ts Vo) + (Vo Ta) + (T Vo) +

(V- U7)+ (V7-Us) +
(V10 T11) + (T11 - T12) + (T11 - V13)

= 152+ 152+90+ 88+ 138 +160+ 126 + 78+ 62+ 72+ 114
+184 + 184

= 1600.

The proof is complete. O

Theorem 2.3. The Sanskruti index of Aspirin is 426.15.

Proof. Using equation 1

Sy

Sug

37 Spg = 37 Syg = 57 Spy = 87 Svy = 57 Svg — 47 Svy = 47 Svg — 57

7,800 = 6,80, =4, 54, =3, and s,,, = 3.
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Hence by equation 6,

S (CoHsO4) = 56 ( )3
(CoH504) MGZE(G)(S el
_ < 3x5 >3+< 3x5 >3+< 5x8 )3+< 8x5 >3+
3+5-2 3+5—2 5+8—2 8+5—2
4x5 \* 4x4 \? 4x5 \* 5x7 \°
<4+5 2) +<4+4 2) +<4+5—2> +(5+7—2) *
( 8x 7 >3+( 7% 6 >3+< 6 x4 >3+< 4x3 )3+
8+7-2 T+6-2 6+4—2 1+3-2
4x3 3
<4+3 2>
= 426.15.
The proof is complete. (]

Theorem 2.4. The first and second Zagreb eccentricity indices of Aspirin
are 337, and 296 respectively.

Proof. By equation 7, (Id); = max,;cy(q) da (v, v;) . Hence
(ld)l = 67 (ld)Z = 67 (ld)3 = 57 (ld)4 = 47 (ld)B = 57 (ld)G = 67 <ld)7 =
(ld)g = 4,(ld)g = 3,(ld),y = 4,(Id);; =5, (Id)5 = 6, (Id),5 = 6.

By equation 8

Ey (CoHgOy) = > (ld)}
v;€V(Q)
= 5(6)°+4(5)+3(4)%+(3)?
337.
and by equation 9
By (CoHsO4) = > (i), (d);
viv; €E(G)
6(5x6)+4(5x4)+3(4x3)
296.
The proof is complete. O

Theorem 2.5. The Zagreb degree eccentricity indices of Aspirin are 643,
and 645 respectively.

Proof. By equation 10
DE; (CoHsO4) = Y ((ld); +d;)*
v;€V(G)
= 406+1)2+26+3)2+2G+2)2+24+2)%+ (642 +
(4+3)%+(3+3)°
= 0643.
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and by equation 11

DE:(G) = Y ((d),+d) ((ld)j—kdj)

v;v; EE(G)
= 64+1)B+3)+6+1)G+3)+E+3)B+3)+(4+3)(5+2)+
5+2)6+2)+6+2)5+2)+B+2)(4+2)+(4+2)(3+3)+
(44+3)B+3)+B+3)(4+2)+(4+2)5+3)+(6+1)(5+3)+
(64+1)(5+3)
= 0645.
The proof is complete. ]

Other topological indices calculated in this paper are all given in Table 1.

Table 1: The definition of topological indices.

Index Name Definition Proposed
u v 2
Atom-bond connectivity ABC(G)= dutdy =2 (3]
weE(G) dyd,
Su + Sy — 2
ABGY(C) ABCY(G) = ¥ 2 7]
weE(G) SuSv
1
Randic connectivity x(G)= Y — (14]
weE(G) dudy
1
Sum connectivity S(G)= Y — (17]
wek(G) V dy + dy
o . 2v/dudy
Geometric-arithmetic GAG)= > (16]
weE(G) dy + dy
. . . . 2\/311,511
Fifth Geometric-arithmetic GA;(G)y= Y, —~—— [9]
weE(G) Sy + Sy
First and second Zagreb M (G)= Y du+dy, (10]
weE(G)
My(G)= Y dudy
uwweE(G)
Multiple Zagreb PM, (G)= ][] (du+dy), [6]
weE(G)
PMy(G)= ]I (dudy)
weE(G)
Augmented Zagreb AZIG)= > {&} ’ [4]
uwweE(G) dy +dy —2
2
Harmonic H(G) = (18]
weE(G) dy + dy
Hyper-Zagreb HM(G)= 5 (dy+d,)* [13]
weE(G)
Symmetric division SDD (G) = min (d, d,) + 2 (d, du)J (19]
web(G) Lmax (dy,dy)  min (dy,dy)
Forgotten topological F(G) = Y (du)+(dy)? [5]
weE(G)

Theorem 2.6. The atom bond connectivity index of Aspirin is 10.902.
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Proof. Let n;; denote the edges connecting the vertices of degrees d; and
d;. The molecular graph of Aspirin contains edges of types ni3,n33,n32,
and ng 2. The number of edges of these types are

\n173\ = 4, |n3,3| = 2, |n372\ = 4, and |n2’2| =3.

Hence the atom bond connectivity index of Aspirin is

dy, d,
ABC (CoHyOs) — + Qutdy—2
quEG)
1+3 2 3+3 3+2
= |n13|\/ +[nssl\/ —5— ‘H 3,2
2—}-2—2
+|n22\ _
- \/>+2\f+4\f++3\f
= 10.902.
This completes the proof. O

Theorem 2.7. The forth atom bond connectivity index of Aspirin is 7.
505 7.

Proof. The forth atom bond index of Aspirin is given by

ABCy(CyHgO4) = Z Sut Sy — 2 + 8y — 2

SuS
weE(G) usv

47¢&%—2+¢Mﬂ—2+¢wﬁ—2+¢M%—2
B 15 15 40 40

+¢4+5—2+¢4+4—2+¢4+5—2+¢5+7—2
20 16 20 35

+¢8+7—2+¢7+6—2+¢6+4—2+¢4+3—2
56 42 24 12
4+3-2

12
= 7.5057.

This completes the proof. O
Theorem 2.8. The Randic connectivity index of Aspirin is 6.109 1.

Proof. The Randic connectivity index of Aspirin is given by

x(CoHs04) = Z T
weE(G
= |n1,3|\/w+\ 33\\/—+| 32|\/—+\ 22\\/_
1 1 1
= 4—+2—+4—+3—
V3. V9 Ve VA

6.1091.
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The proof is complete.

O

Theorem 2.9. The Sum connectivity index S (G) of Aspirin is 6.1054.

Proof. The sum connectivity index of Aspirin is given by

1
S(CoHs0) = 5
uweE(G) dU+dU
18] s + |33 —s
n —_— n, ]
Y R
1 1 1 1
= 4—=+4+2—=+4—=+3—
Vi V6 Vs Va4

6.1054.

The proof is complete.

+ |n372|

1
V342

+ \n2,2|

1
V2+2

O

Theorem 2.10. The Geometric-arithmetic index GA(G) of Aspirin is 12.

383.

Proof. The Geometric-arithmetic index of Aspirin is given by

2v/dyd
GA(CyH3Oy4) = i
d’llr +d’U
uwweE(G)
| |2\/1><3_*_| |2\/3><3_'_| |2\/3><2_H ‘2\/2><2
R I e T I T R e R R
241 x 3 24/3 x 3 24/3 x 2 24/2 x 2
4 +2 +4 +3
1+3 3+3 342 242
= 12.383.
The proof is complete. O

Theorem 2.11. The fifth Geometric-arithmetic index GA4(G) of Aspirin

15 12.81.

Proof. The fifth Geometric-arithmetic index of Aspirin is given by

GAs5(CoHgO4) = Z i\/@
weE(G) w v
_ 23 x5 23 x5 2¢/5x8 2/8x5 25x4
T 345 3+5 5+8 8+5 5+4
2VAx4 2V/AxDb 26X T | 28X T 27T x6
444 445 5+7 8+7 7+6
o 2V/6x4  2y4x3 | 2V/4x3
T 644 443 4+3
= 12.81.
The proof is complete. (]

Theorem 2.12. The First and second Zagreb indices of Aspirin are 60, and

66 respectively.
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Proof. The First Zagreb index of Aspirin is given by
My (CoHsO4) = > dy+d,
weE(G)
"I’Ll,g‘ (1 + 3) + ‘ng’g‘ (3 + 3) + ‘ng’g‘ (3 + 2) + |n272| (2 + 2)
= (4x4)+(2x6)+(4x5)+(3x4)
= 60.
and the second Zagreb index is given by
My (CoHsO1) = ) dudy
weE(G)
= 4(1x3)+2(Bx3)+4(3x2)+3(2x2)
66.

The proof is complete. ]

Theorem 2.13. The first and second multiple Zagreb indices of Aspirin are
3.6864 x 10%,and 5.4420 x 10% respectively.

Proof. The first multiple Zagreb index is

PM1 (09H804) = H (du + dv)
weE(G)
= I @u+d) ] dutdo) J] (dutdo) J] (du+d)
uwvel,3 uve3,3 uv€e3,2 uv€e2,2

= 4% x 6% x 5% x 4% =3.6864 x 10°.

and
PMy (CoHsOs) = [ (dudy)
weE(G)
= H (du ) dv) H (du : dv) H (du : dv) H (du : dv)
uwvel,3 uv€3,3 uve3,2 uvE2,2
= 3" x 9% x 6% x 4% =5.4420 x 10°.

The proof is complete. (]
Theorem 2.14. The augmented Zagreb index AZI(G) of Aspirin is 92.
281.

Proof. The augmented Zagreb index of Aspirin is given by
dud, 1°
AZI(CoHzO4) = ) {7]
weE(G) o + by =2
3 \3 9 \3 6 \3 4 \3
= 4({— 2 —— 4| —— —
(=) () +1(55) (%)
= 92.281.
The proof is complete. O

Theorem 2.15. The Harmonic index of Aspirin is 5.7667.
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Proof. The Harmonic index of Aspirin is given by

2
H(CoHsO1) = T
weE(G) “ v
2 2 2 2
= (03)  (2g) + (03) - ()
= b5.7667.
The proof is complete. O

Theorem 2.16. The Hyper Zagreb index of Aspirin is 284.
Proof. The Hyper Zagreb index of Aspirin is given by

HM (CoHgO4) = > (dy+dy)°
weE(G)
= 41437 +23B+3)*+43+2)%+3(2+2)?
284.
The proof is complete. O

Theorem 2.17. The Symmetric division index of Aspirin is 32.

Proof. The Symmetric division index of Aspirin is given by

B min (dy,d,) max(dy,d,)
sop@0) = 3 [TRR TR
weE(G)
_ 4 [min(1,3) = max(1,3) min (3, 3) | max (3,3) n
N max (1,3) ~ min (1,3) max (3,3)  min (3,3)
4 min(2,3)  max(2,3) g [ min (2,2) . max (2, 2)
max (2,3)  min(2,3) max (2,2)  min(2,2)
1 3 3 3 2 3 2 2
= _5*1} “{5*5] +4{§+5} +3{5+5}
_ 4 (?) +2(2) +4 (%) +3(2) =32
The proof is complete. O

Theorem 2.18. The forgotten topological index of Aspirin is 152.
Proof. The forgotten topological index of Aspirin is given by

F(CoHsOx) = Y (du)’+(dy)?
weE(G)
= 4(14+9)+209+9)+4(4+9)+3(4+4)
= 152
The proof is complete. O

Conclusion 2.19. Topological indices help to test the chemical properties of
drugs. In this paper, we calculate different new and old topological indices of
Aspirin such as the first and second entire Zagreb indices, the first and sec-
ond Zagreb eccentricity indices, the Zagreb degree eccentricity indices, first
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and second locating indices, etc. The results of this paper offer promising
pharmaceutical application. Future work on in this area may be done to
investigate the topological indices for other drugs.
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