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Abstract

Topological indices are the tools provided by the mathematician to the chemists through graph the
theory. Topological index is the number with the property that for each graph G:1 which is isomorphic G2
implies topological indices of Giand Gz are equal. The energy concept was introduces by | Gutman in the
year 1978. Zagreb energy has its own importance in the study of physic-chemical properties of chemical
compound. That is often modeled by chemical compound. In this paper, we find first Zagreb index,
second Zagreb index. Hyper Zagreb index, First multiple Zagreb index, Second multiple Zagreb index,
First Zagreb energy, second Zagreb energy and Hyper Zagreb energy of some chemical compounds.
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1. Introduction

In this article “graph” (molecular graph) referred as is simple finite undirected and connected
graph. Let ¢ = (V,E) is a graph with vertex set V = (vy,v,,v3, ........1,) and the edge
setE = (e, e, €3, ... .....€5). V;v; Denotes an edge in G if v; and v; are adjacent inG.
Topological indices [ ° are the invariant by which the properties of chemical compound are
studied and they are modeled as molecular graph based on the structure descriptors 2. These
descriptors help to represent he structural formula of a chemical compound. The vertices of a
graph represent the atoms of chemical compound and edges represent the chemical bonds 1.
Recently the authors of 1% have obtained the wiener indices and Zagreb indices for some
chemical compounds. By this motivation we have computed Zagreb indices of Glucose,
Cholesterol, Vitamin C, Vitamin D, Vitamin K and ethanol. And Zagreb energies of Glucose
and Vitamin C are obtained.

We refer the following definitions to compute the required Zagreb indices and Zagreb energies
for the said chemical compounds.

Definition 1.1: Let G = (V,E) is a simple connected graph, and d; = deg(v;) and d; =
deg(v;) then first and second Zagreb index [*! is defined as

First Zagreb index = M, (G) = Ze:vivjeE(G)(di +d;)

Second Zagreb index = M, (G) = Zezvi,,jEE(G)(didj)

These topological indices were introduced by M Ghorbani and N Azmi (81,

Definition 1.2: The hyper Zagreb index of simple connected graph was introduced by G H
Shirdel, H Rezapour and A M Sayadi . It is defined as

Hyper Zagreb index of G = My, (G) = Zezvi,,jeg(c)(vi+vj)2

Definition 1.3: The first and second multiple Zagreb index [7] of simple connected graph were
introduced by | Gutman 1, It is defined as

First multiple Zagreb index = PM;(G) = Hezvivjeg(g)(di +d;)
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Second multiple Zagreb index of G, PM,(G) = He:vivjeE(G)(didj)

Definition 1.4: The Zagreb matrices ¥ for a graph G are defined as follows

d? forv; € V(G)
0 otherwise

First Zagreb matrix = Z® = z;; = { )
dldj fOT' Uivj € E(G)
Second Zagreb matrix = Z(® = z;; = { 0fori=j @)
0 otherwise

(di + d])Z for Uivj € E(G)
Hyper Zagreb matrix = 2 = z;; = 0 fori=j (3)
0 otherwise
2. Zagreb Indices of a graph G
First and second Zagreb indices are the topological indices which are the graph based molecular structure descriptors. These

indices have been introduced by | Gutman and N Trinajstic more than thirty years before. Hyper Zagreb index was introduced by
G H Shirdel, H Rezapour and A M Sayadi.

Example 2.1: Let G be the graph with 4-vertices say v,, v,, v3, v, as shown in the figure 1

Vi1

V3 * Vi

Fig 2.1: Simple GraphG with 4 vertices

2.2 Zagreb indices of a graph G of figure 2.1
Here |m;;| denotes the number of edges in the graph joining the vertices of degree i and ;.
Whereiand j = 1,2,3 ........max[deg(v)] For the graph of figure 2.1, we have,
Imq3| = 1, |m,,| = 1 and |m,3| = 2. Using the definitions (1.1) to (1.4) we obtain the Zagreb indices and Zagreb energies for the
graph G shown in the figure 2.1
First Zagreb index of G, M, (G) = Zezvi,,jEE(G)(di + dj)where d; = deg (v;) and d; = deg(v;)
= |my3|(1 + 3) + |mp,|(2 + 2) + [my3[(2 + 3)
=1(4)+1(4)+2(5) =18

Second Zagreb index ofG, M,(G) = Zezvi,,jEE(G)(di x d;)

= |my3|(1 % 3) + [mya[(2 * 2) + |[my3](2 * 3)
=13)+1(4) +2(6) =19

Hyper Zagreb index of G My (G) = Yevvjer()(di + d;)?
= |mysl(1+ 3)2 + |ma,| (2 + 2)2 + [my3|(2 + 3)2
= 1(16) + 1(16) + 2(25) =57

First multiple Zagreb index of G, PM, (G) = He:,,ivjEE(G)(di +d;)

— 1_[ (dy + ds) 1_[ (dy + dy) 1_[ (dp + dy)

e=v;VjEmys e=v;VjEEmy; e=V;VjEMzy

= (1 + 3)Imsl(2 + 2)Im221(2 4 3)Im2sl = 414152 = 400

Second multiple Zagreb index of G, PM,(G) = He:vivjeE(G)(didj)

=[] @an [] @ [] @

e=vvj€my3 e=v;v;€Emy; e=VVjEMyy
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= (1 x 3)Im3l(2 x 2)Im221(2 x 3)Im23l = 314162 = 432

3. Zagreb energies of a graph G shown in figure 2.1

We refer the definition 1.4 of Zagreb matrices Z(™ = (z;;) forn = 1,2 and H, representing first Zagreb matrix, second Zagreb
matrix and hyper Zagreb matrix of a graph G respectively. Let A;, 15, A3, ... o ... A, be the Eigen values of particular Zagreb matrix
of a graph G. The values are assumed to be in the increasing order, thatis A, = 1, = A; = ---...... = 4,, . Since Z(G) is real and
symmetric. Its eigen values are real number. The Zagreb energy ZE(G) of graph is defined to the sum of absolute values of its
Eigen values of graph G thatis ZE(G) = Y.7|2;]

The first Zagreb Matrix of a graph G is ZMM(G) = since Z*M(G) is a diagonal matrix, diagonal elements

S OO -
oS Ovw o
o B~O O
S OO O

represent Eigen values of the matrix.
Therefore first Zagreb energy, ZMWE(G) = |1](1) + 19](1) + |4](2) = 18.

Second Zagreb matrix of Gis Z®M(G) = reducing to a diagonal matrix

ZOMG) = the eigen values are 3,3,4 and 4

Soow Sowo
SCoOwWo oo w
S~ OO0 O oo

©SOChOO NMNoOoONO

Therefore second Zagreb energy, Z@E(G) = |3|(2) + 4](2) = 14.

[0 16 0 0
Hyper Zagreb Matrix of G is ZHM(G) = 106 205 205 1265 reducing to a diagonal matrix
|0 25 16 O
(16 0 0 O
(H) _|10 16 0 0
ZHM(6) 0 0 16 0
L0 0 0 16

Therefore hyper Zagreb energy, ZHE(G) = |16|(4) = 64.

4. Zagreb indices of Glucose:

Chemical structure of Glucose is (CgH;,0¢). Glucose is commonly known as “sugar”. It is an important source of energy needed
by the cells and organs. For human being energy is required for the normal functioning of the parts of the body. Brain and red
blood cells completely depend on Glucose. Level of glucose in the blood is controlled by the insulin which is released by

pancreas. Now we obtain the Zagreb indices of glucose.

7,
o\
g
10
11 12

Fig 4.1: Chemical Structure of Glucose(C¢H,,0¢)
From the graph of Glucose,
Imysl = 10, |mpu| = 2, [my,| = 4

Theorem 4.1 First Zagreb index of Glucose is M, (CcH,,0¢) = 94
Proof: First Zagreb index of Glucose, M, (C4H;,0¢) = Ze:,,i,,jEE(G)(di +d;)
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Where d; = deg( v;) and d; = deg(v))
= Myl (1 +4) + [maul(2 + 4) + My (4 +4)
=10(5) + 2(6) + 4(8)
=50+12+ 32 =94.

Theorem 4.2: Second Zagreb index of Glucose is M; (CoH13,06) = 120

Proof: Second Zagreb index of Glucose, M, (C¢H,,04) = ZezvivjEE(G)(di x d;)
= My (1 X 4) + +|mpu[(2 X 4) + [muy|(4 X 4)
=10(4) + 2(8) + 4(16) = 120

Theorem 4.3: Hyper Zagreb index of Glucose is M; (C¢H,,05) = 578

Proof: Hyper Zagreb index of Glucose |, My (CcH,,0¢) = Ze:vivjEE(G)(di +d))*
= M| (1 +4)% + [mpa|(2 +4)% + [myy|(4 + 4)°
= 12(25) + 2(36) + 4(64) = 578

Theorem 4.4: First multiple Zagreb index of Glucose is M, (C4H,,04) =~ 1.44 x 1012
Proof: First multiple Zagreb index of Glucose = PM; (C4H;,0¢) = He:vivjEE(G)(di +d;)

= 1_[ (dy +4dy) 1_[ (d2+4) 1_[ (dy +dy)

e=V;VjEEMy4 e=V;VjEMyy e=VVjEMyy

= (519)(62)(8%) ~ 1.44 x 102

Theorem 4.5: Second multiple Zagreb index of Glucose is M; (C¢H;,04) =~ 4.3980465 X 1012
Proof: Second multiple Zagreb index of Glucose = PM,(C¢H1,04.) = Hezvi,,jeg(c)(di X d;)

=[] @xan ] @xay [] @xdd

e=VVj€EM14 e=V;VjEMyy e=V;VjEMyy

= (419)(82)(16%) ~ 4.3980465 x 1012

Zagreb indices of some chemical compounds are computed and are as follows

Chemical compound/Zagreb IndexM; (M, (My(G) PM,(G) PM,(G)
Glucose (C,H,,04) 94 | 120 | 578 |1.44 x 1012 4.398 x 102
Cholesterol (C,;H,60) 158 | 195 | 836 |4.779 x 10%13.105 x 1023
Vitamin C (C,HgO) 52 60 | 256 | 20736000 | 34012224
Vitamin D 144 | 176 | 740 19.364 x 10'914.852 x 102!
Vitamin K (C3;H,60,) 158 | 178 | 754 [3.131 x 102%2.210 x 10%3
Ethanol (C,H;OH) 42 46 | 234 450000 262144

5. Zagreb energies of some chemical compounds
Here we compute the Zagreb energies of Glucose, Vitamin C, With reference to the chemical structure of Glucose given in figure
2 and using the definition 1.4 on Zagreb Matrices,

Theorem 5.1: First Zagreb energy of Glucose (CqH;,0) is 94
Proof: First Zagreb matrix of Glucose (C¢H;,0¢) =

=N
o)}
=N
o @
=
o e
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[=NelelelolelololololoNoNeoleh =]
OO O OO OO OO O OO OO
[eNeloleololoBololol=NoNoNe)

O OO OO OO OCO R OOOOOO
C OO OO OO OPRPROOOOOOOo
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Characteristic polynomial of the matrix is
A16 — 94115 + 376511% — 8390013 + 1143410112

—9941988A'! + 5667584211° — 2185892801° + 58859572548
—113373307047+15848400731° — 16137320524°
+11865526401* — 61445120043 + 21282816012
—443023364 + 4194304

Eigen values of first Zagreb matrix Z(MM(C4H;,0,) are
Al=lz=ﬂ.3=l4=ﬂ.5=16,

Ae=44; =g =g =Ayo=A1 = =Az =y =hs =4, =1
Then first Zagreb energy of ZWE(C4H,,0,)
= 5(16) + 1(4) + 10(1) = 94.

Theorem 5.2: Second Zagreb energy of Glucose (C4H,,04) = 122.3038027
Proof: Second Zagreb matrix of Glucose (CgH;,04) is

o
—_
(o)}

0
0

—_
(o)}

_

G\O

Juny

(o)}

o O O

_
o)}

OO OO OO ODOODOWOOO®

cooconrbrOoOOOOCOOORORO
OO0 OCOCOOOO OO A
OO0 OO N
el =R=R=R=R=R=R=E=E=E=E=R= R = =
CoO0O0CO0CO0COoCOoCOCOoOoOoO0ONOO
CoO0cO0COocO0COoCCoCOoCOoOO0OONOO
CcCoococo0cOoOoCOocOoCOoOoCOoONOO
el =R=R=R=R=R=R=R=E=E=E= T ===
CoO0cO0cO0cOoCcOoCcOocOocOoOoOADOO
cCoocococococococoohMOOOO
coocococococococoohOOOO

coocococococoh OO OO
coocococobhbhooocoO
corprOOOOCOOOL O
Ao OO Ooococoomo

o

Characteristic polynomial of the matrix is

A6 — 13122 + 41984012 — 33619968110 + 15623782418 — 167772160A1°
Eigen values of second Zagreb matrix Z® M (C4H,,0,) are

Ay = —29.6068, 1, = —17.7980, 15 = —10.6675, 1, = —1.7980, 1 = —1.2816,
Ao = —5.1682 x e716, 1, = —2.7321 x e716, 15 = —3.1218 x 16,

Ao = 1.5842 x e716 1, = 3.2816 x e~ 16,

Ay = 7.6740 x e716, 1, = 1.2816,

Az = 1.7980, 4,, = 10.6675, 4,5 = 17.7980, 1, = 29.6068

Therefore second Zagreb energy of Glucose = Z@ M (C4H,,0,) ~ 122.3038027

Theorem 5.3: Hyper Zagreb energy of Glucose (C4H;,04) = 571.3126075
Hyper Zagreb matrix of Glucose (C¢H,,04) 1S
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0 64 0 O O 36 25 25 0 O O O O O O O
64 0 64 0 0O O O O 25 25 0 O O O O O
0 64 0 64 0 0O O O O O 25 25 0 O O O
0 0 64 0 64 0 0 O O O O O 25 25 0 O
0 0 O 64 0 36 0 O O O O O O 0 25 25
36 0 0 0 36 0 0 O O O 0o o0 O o0 o0 o
2 0 0 0 0 0o O O O O o o O o o0 o
2 0 0 0 0 0 0O O O O O o o o0 o0 oO
0 25 0 0 0 0 0 0O O O O o o0 o0 o0 oO
0 25 0 0 0 0 0 O O O O o o0 o0 o0 O
o 0 25 o 0 0 O O O O O O O o o0 o
o 0 25 o 0 0o O O O O O O O o o0 o
o 0o 0 25 0 0 0O O O O O O O o o0 o
o 0o 0 25 0 0 O O O O O O O o o0 o
o 0 o 0 25 0 0 O O O O O o0 o0 o0 O

‘0 0 0 0 25 0 O O O O o O0o O 0 o0 of

Characteristic polynomial of the matrix is 116 — 252261* + 17220714442

—350145137744A'° + 11422343125000018 — 93798828125000004°

Eigen values of Hyper Zagreb matrix Z* M (C4H,,0,) are
A, = —124.8655,1, = —79.6865,1; = —53.9084, 1, = —15.6865, 15 = —11.5104,

e

= —4.5376 x e"15,1, = —3.3771 x e 15,13 = —8.2175 x e~ 15,

Ao = 1.1579 X 715, 1,, = 1.5540 x e~15,
Ay = 5.7981 x e715, 1, = 11.5104, 1, = 15.6865, 1,, = 53.9084,
Ays = 79.665, 1,4 = 124.8655

Therefore Hyper Zagreb energy of Glucose = Z"M(C,H,,04) ~ 571.3126075
Zagreb energies of some chemical compounds are computed and are as follows

Chemical compound/Zagreb energy | First Zagreb energy (Approx) | Second Zagreb energy (Approx) | Hyper Zagreb energy (Approx)
Glucose (C4Hy,06) 94 122.3038027 571.3126075
Vitamin C (C4HgOg) 52 68.0456 289.9346

6. Conclusion

We have computed Zagreb indices for Glucose, Cholesterol, Ethanol, and for Vitamins like C,D, K which will play major role on
the human body and also Zagreb energies have been computed for Glucose and Vitamin C. These calculated values certainly, help
us to study in depth the effect of these on human beings. So that these chemical compounds can be used appropriately for the
betterment of human beings.
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