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Graph theory has much advancement in the field of mathematical chemistry. Recently, chemical
graph theory has become very popular among researchers because of its wide applications in mathemati-
cal chemistry. The molecular topological descriptors are the numerical invariants of a molecular graph
and are very useful for predicting their bioactivity. A great variety of such indices are studied and used in
theoretical chemistry, pharmaceutical researchers, in drugs and in different other fields.

In this article, we study the chemical graph of copper oxide and compute degree based topological
indices mainly ABC, GA, ABC,, GAs, general Randi¢ index and Zagreb index for copper(Il) oxide, CuO.
Furthermore, we give exact formulas of these indices which are helpful in studying the underlying topol-
ogies.

Keywords: molecular descriptor; copper(ll) oxide; atom bond connectivity index;
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MOJIEKYJICKU TECKPUIITOPU 3A BAKAP(I1) OKACU

Teopwujara Ha rpadoBH UMa rojeM HAIPEIOK Ha MOJIETO Ha MaTeMaTHdkaTta xemuja. Ox HeoJamHa,
XEMHCKaTa TeopHuja Ha rpadoBu € 0coO0EHO HHTepecHa Mel'y HCTpaKyBauuTe TIOPaIu IIHPOKaTa IPUMEHA
BO MaTeMaTH4KaTa XeMuja. MOJEKYJICKUTE TOIOJOMIKH IECKPHUIITOPH C€ HYMEPHUYKH WHBApHjaHTH Ha
MOJIEKYJICKHOT Tpad ¥ ce MHOTY KOPHCHH 3a MPEeTCKaXyBamke Ha HUBHATa OMOAKTUBHOCT. ['onem Opoj Ha
BaKBH WHJIIEKCH C€ HCTpaXyBaaT W ce MPHUMEHyBaaT BO TEOpPUCKAaTa XeMHja, (HapMaIleBTCKUTE
HCTpaKyBamba Ha JIEKOBHU M Ha JAPYTH TOJIUHA.

Bo 0B0j Tpya ro M3ydnMBME XEeMHCKHOT rpad Ha Oakap OKCHI M T MPECMETABME TOTOJIOIIKUTE
HHACeKCH 3acHOBaHU Ha ariu, uMeHo ABC, GA, ABC,, GAs, ommtuor PanaukeB HHICKC U 3arperncKuoT
unjexc 3a 6akap oxcua, CuO. [Tokpaj Toa, T HaBeyBaMe TOYHUTE GOPMYIIH HA OBHE UHAEKCH KOU CE O]
HHTEpEC 3a U3y4yBame Ha HUBHATA OCHOBHA TOIOJIOTH]a.

Kayunu 300poBu: monexyscku neckpunropu; 6akap(ll) oxenp;
MHJIEKC Ha KOHEKTUBHOCT HAa aTOMCKUTE BPCKHU; TEOMETPHUCKH apUTMETHYKH HHJIEKC;
onmT uHAEKC Ha Panank; 3arpencku unnekc; ABCy; GAs.

1. INTRODUCTION between chemical compounds and their molecular

structures. Graph theory is a very powerful area of

There are a lot of chemical compounds, ei- mathematics that has wide range of applications in

ther organic or inorganic, which possess a level of many areas of science such as chemistry, biology,
commercial, industrial, pharmaceutical chemistry computer science, electrical, electronics and other

and laboratory importance. A relationship exists fields. The manipulation and examination of chem-


mailto:waqas.khalid38@gmail.com

94 W. Gao, A. Q. Baig, W. Khalid, M. R. Farahani

ical structural information is made conceivable
using molecular descriptors. Chemical graph theo-
ry is a branch of mathematical chemistry in which
we apply tools of graph theory to model the chem-
ical phenomenon mathematically. Furthermore, it
relates to the nontrivial applications of graph theo-
ry for solving molecular problems. This theory
contributes a prominent role in the field of chemi-
cal sciences.

Chem-informatics is new subject which is a
combination of chemistry, mathematics and infor-
mation science. It examines (QSAR) and (QSPR)
relationships that are utilized to foresee the biolog-
ical activities and physiochemical properties of
chemical compounds. A lot of research in the field
of chemical graph theory has been performed and
researchers continue to research into this field.
Some references are given, which hopefully
demonstrate the importance of this field [13-15,
18-20, 22, 25-27, 29]. A chemical graph is a sim-
ple finite graph in which vertices denote the atoms
and edges denote the chemical bonds in underlying
chemical structure. A topological index is a numer-
ic quantity associated with chemical constitution
indicating for correlation of chemical structure
with many physical, chemical properties and bio-
logical activities.

The rapid increase in the diseases and envi-
ronmental problems in our ecosystem gives rise to
increasing the physical and mental health problems
of animals and human beings. Side by side, medi-
cine manufacturing organizations and industries
play their role to overcome diseases. The World
Health Organization (WHQO) and certain institu-
tions play a role in improving environmental and
health problems. A large number of medicines and
drug products are produced each year. In order to
determine the chemical properties of such medi-
cines and drugs, we focus on theoretical examina-
tion of the topological indices. Chemists need to
understand the bioactivities and chemical proper-
ties of drugs. The forgotten topological indices of
some drug structures and chemical structures in
drugs are computed in [12, 16]. The smart polymer
family is widely used in anticancer drugs and some
of its topological indices are computed in [7].

Let G = (V, E) be a graph where V be the
vertex set and E be the edge set of G. The degree
deg(v) (or = d(v) = d,) of v is the number of edges
of G incident with v. The distance d(u,v) of a graph
G is defined as the shortest length between u and v.

The concept of topological index came from
work done by Wiener in 1947 while he was work-
ing on boiling point of paraffin [33]. Later on, the

theory of topological indices started. Let G be a
graph then Wiener index is defined as:

W(G)z% > d,v)-

u,veV (G)

There are certain types of degree based topo-
logical indices. Some of them that are used in this
article are defined below.

One of the first and oldest degree-based in-
dices was introduced by Milan Randi¢ [28] in 1975
and is defined below:

R,(G)= Y —

2 wee(e) 4/d,d,

In 1988, Bollobas et al. [2] and Amic et al.
[1] proposed the general Randi¢ index inde-
pendently. For more details about the Randi¢ in-
dex, its properties and important results see [5, 21,
24]. The general Randi¢ index is defined as:

R.(G)= 2 (ydd,)"

uveE(G)

One of the important degree-based topologi-
cal indices is the first Zagreb index. It was intro-
duced in 1972 by [11]. Later on, the second Zagreb
index was introduced by [10]. Both the first and
second Zagreb indices are formulated as:

Ml(G): Z (du+dv)'

uveE(G)

M,(G)= > (d,d,).

uveE(G)

Among the degree-based topological indi-
ces, the atom bond connectivity index is of vital
importance; this was introduced by Estrada et al.
[6] and is defined as:

d +d, -2
ABC(G)= >’ /T
uveE (G) uv

where d, is the degree of vertex u.

A well-known topological index fourth ver-
sion of atom bond connectivity index ABC, of a
graph G is introduced by Ghorbani et al. [8] and is
defined as:

[s +S,-2
ABC,(G)= > T
uveE(G) uv

where S, = > d,and S,= > d

uveE(G) uveE(G)

u
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The geometric arithmetic index GA of a
graph G is introduced by Vukicevi¢ et al. [31] and
is defined as:

GA(G) = Z 2_Vdudv

uveE(G) du +dv

Another well-known topological descriptor
fifth version of geometric arithmetic index GAs of
a graph G was introduced by Graovac et al. [9] and
is defined as:

GA@G)- Y 2

uveE(G) Su +SV
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Fig. 1. (a) Cu(OH),, (b) CuO

2. COPPER(I1) OXIDE

In this section, some history about copper
oxide is described and related applications to cop-
per and copper oxide are provided in the form of
references and the references therein. The cop-
per(I) oxide (cupric oxide) form an inorganic
chemical compound CuO. This is an essential min-
eral found in plants and animals. Copper has
enormous applications in medical instruments,
drugs, and as a heat conductor, among others.
Some applications of copper and cupric oxide are
givenin [3, 17, 23, 30].

In Figure 1(a), the copper hydroxide is de-
picted and when hydrogen atoms are depleted from
Cu(OH), then the resultant graph is depicted in
Figure 1(b). The 3D graph of CuO is depicted in
Figure 2. Copper(ll) oxide is used as the source of
copper in mineral and vitamin supplements and is
considered safe. Its use in medical devices, and
industrial and consumer products, is novel. The
safety aspects of the use of copper(ll) oxide in
products that come into contact with open and
closed skin must be considered [4].
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Fig. 2. 3D Copper(ll) oxide

3. MAIN RESULTS

In this section, we compute topological indi-
ces; mainly the atom bond connectivity index, ge-
ometric arithmetic index, ABC,;, GAs, general
Randi¢ indices and Zagreb indices of copper(ll)
oxide. Furthermore, we compute close formulas of
these indices for CuO. A topological index can
give us chemical information that is related to the
chemical graph. It provides a numerical number
which is helpful in (QSAR=QSPR) studies.

In this article, we consider the copper(ll) ox-
ide molecular graph CuO, as depicted in Figure
1(b). The construction of the CuO graph is such
that the octagons are connected to each other in
columns and rows; the connection between two
octagons is achieved by making one C4 bond be-
tween two octagons. For our convenience, we take
m and n as the number of octagons in rows and
columns, respectively. The cardinality of vertices
and edges in CuO are 4mn+3n+m and 6mn+2n re-
spectively. In CuO, the 2 degree vertices are
mn+5n+2m, the 3 degree vertices are 2mn-2n and
4 degree vertices are mn—m.

A close result formula of atom bond connec-
tivity index for CuO is computed in the following
theorem.

Table 1

Edge partition of CuO graph based
on degrees of end vertices of each edge

dy, dy Frequency
2,2 4(n+1)
(2,3) 2mn+2(2m-n)—4
2,4 4(n-1)

(3, 4) 4(mn—(m+n)+1)
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Theorem 3.1. Consider the graph of G =
CuO with m;n>1, then its atom bond connectivity
index is equal to:

ABC(G)=m<2\/§—@> (\/——£>
+mn<\/_—%_>—(\/——£)

Proof. We prove the above result by using
Table 1 in the formula of atom bond connectivity
index.

d +d -2
ABCO)= 2, P ad
uveE(G)

The following table shows the edge set partition of
G =CuO:

2+2-2 2+3-2

2x3

2+4-2 f3+4—2
+4(n-1 +4(mn—-(m+n)+1 .
( ) 2x4 ( ( )+ 3x4

After simplification and rearranging the
terms, we get:

2V1
ABC(G) =m<2\/§—T\/_> ( 3v2 - £>
+mn (V2+27) ~ (22 +2F), -
A close result formula of the geometric

arithmetic index for CuO is computed in the fol-
lowing theorem.

ABC(G) =4(n+1) +(2mn+2(2m—n)—4)

Theorem 3.2. Consider the graph of G =
CuO with m; n > 1, then its geometric arithmetic
index is equal to

GA(G) = (—ﬂ— + 8\/—) +
4) "

7 5
(8\/_ 16v3  4V6
m|———"——F5——7
16v3 46 8vV2 16V3 8V6
-|-mn< - +—>+<—— — 4).

5 3 7 5

Proof. We prove the above result by using
Table 1 in the formula of a geometric arithmetic
index.

GA@G)= Y, 2yd,d,

uveE(G) du + dv

—4(n+ 2“ +(2mn+2(2m—) 2) V+33+
(—1)2V2>< 4(mn—(m+n)+1)23“i>;4.

After simplification and rearranging the
terms, we get:

GA(G)=m (—ﬂ_ 8\/6)+

5
re)+

16vV3 | 4V6 8vV2  16V3 86
(%) -+ e

<8\/_ 163 46
| — -

+mn

A close result formula of general Randi¢ in-
dex for CuO is computed in the following theorem.

Theorem 3.3. Consider the graph of G =
CuO with m; n > 1, then its general Randi¢ index is
equal to

60mn—-12(2m+n)+8, if =1,
E(4mn+2m+5n+1), a=-1
44’ 2J' 2J§+2J€—2 o 3++6
2 J6 32
R.(G)=
[62+43+246-6 oL
W2 ' 2
M(-8/3 +4+/6) + n(8+/2 —8v3 - 26 +8)
mN(BY3+24/8)—82 + 843 — 46 + 8, ifa:%.

Proof. Let G be a graph of CuO. To prove
the above result, we use Table 1 in general Randi¢
index formula with = 1.

R(@)= ) (d,xd)=

uveE(G)
=4(n+1)2x2)+(2mn+2(2m—-n) —4)(2 x 3) +
+4n—-1)2 x4)+4mn—(mM—-n)+1)(3x4) =
=60 mn—12(2m + n) + 8.

For @« = -1, the formula of Randi¢ index
takes the following form:

Maced. J. Chem. Chem. Eng. 36 (1), 93-99 (2017)
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1
R,(G)= =
71( ) UV;G) (du X dv)

=4(n+1)#+(2mn + (2m-n)-4)

(2x2) (2 x3)

+4(n—1)L+4(mn— (m+n)+1)

(2 x 4) Gx4)

:%(4mn+2m+5n+1).

1
For :E,the formula of Randi¢ index

takes the following form:

R,(G)= Y d,xd)=

2 ueE(G)
=4(n+1)J@2x2) +
+(2mn+22m—n) —4),/(2x3) +
+4(n—1)J(2 x 4) +
+4(mn— (m+n) +1)/B x4) =
= m(-8v3 + 4V6) + n(8v2 — 8v3 — 2v6 + 8)+
+mn(8v3 + 2vV6) — 82 + 8V3 — 4v6 + 8.

For a:;l,the formula of Randi¢ index
2

takes the following form:

) = 4(n+1);+

J(2x2)

1
+2mn+202m—n) —4) ———+

J(2x3)

+4(mn—(m+n) +

R

-1
2

+4(n—1)

1
V(2 x4)
1

+1)w/(3x4):
N E RO 2\/§+2\/6—2>+
""( 3V2 ) ”( V6
\/§+\/E>+<6x/§+4\/§+2\/€—6>

3v2 3v2

+2mn<
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In the following theorem, we compute close
results of first and second Zagreb indices for CuO.

Theorem 3.4. Consider the graph G=CuO,
for m; n>1, then its first and second Zagreb index
is equal to

M;(G) = 2(n-4m + 19mn),
M(G) = 60mn-12(2m + n) + 8.

Proof. Let G be a graph of copper(Il) oxide.
The first Zagreb index can be calculated by using
Table 1 in following equation.

M, (G) = Z (d, +d,) =
uveE(G)
=4(n—-1)#A)+(2mn+22m—n) —4(5) +
+4n—-1)(6)+4(mn—(m+n)+ 1)(7) =
=2(n—4m+ 19mn).

The second Zagreb index can be calculated
by using Table 1. in the following equation:

MZ(G) = Z (du +dv)

uveE(G)
=4(n—-1)(4) + 2mn + 2(2m —n) — 4(6)
+4(n—1)(8) + 4(mn— (m +n) + 1)(12)
=60mn—-12(2m+n)+8. m

A close result formula of the fifth geometric
arithmetic index for CuO is computed in the fol-
lowing theorem.

Theorem 3.5. Consider the graph of G =
CuO with m > 3 and n > 2, then its fifth geometric
arithmetic index is equal to

V15 8V30
GA5(G)=m<6—T—T>+

8vV6 V15 16V30
{4+ =+ ———7 |+

V15 8V30
+mn< 5 11)

16V5 8V6 V15 24430
+ - - + -10
9 5 2 11
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Table 2

Edge partition of CuO graph based on degree
sum of end vertices of each edge

(Su, Sv) Frequency
4,4) 4
(4,5) 4
(4, 6) 4(n-1)
(5, 6) 4
(6, 6) 6m-10
(6, 10) 2(mn—(m-n)-1)
(10, 10) 4(n-1)
(10, 12) 4(mn—(m+2n)+2)

Proof. We prove the above result by using
Table 2 in the formula of the fifth geometric arith-
metic index.

2./5.5
GA (G) = > -
UVE;(G) Su +Sv
:42J4x4+4244x5 4(__D244x J
444 445 11
(6m-— 10)2V T 2(mn—(m—n)—1) Y010
6+10
(- 1)—“10“0+4(mn—(m+2n)+2)—2“1OX12
10+10 10+12

After simplification and rearranging the
terms, we get

O R —Fﬁﬂ}
o n{§+@}+m§/’ 86 J_ 24J_

A close result formula of fourth atom bond
connectivity index for CuO is computed in the fol-
lowing theorem.

Theorem 3.6. Consider the graph of G=CuO
with m>3 and n>2, then its fourth atom bond con-
nectivity index is equal to:

ABC,(G) = m(x/l_—@— %) +

(6\/5 4 4210 8)
tn| —

+ +
5 V3. 15 V6

15 T )t

N 6v2 4+14 5\/E+2\/%+2\/ﬁ V210
5 N 3 5 5 15 /'

(m 4)
+mn

Proof. We prove the above result by using
Table 2 in the formula of fourth atom bond con-
nectivity index.

ABC,(G) = z S, +5,-2
uveE(G) SUSV
_4 4+4—2_|_4 4+5—2+
B 4x4 4%x5
4 D 4+6—2_|_4 5+6—2+
n 4%X6 5X6
+6m—10y |2F872
(6m =10) ==
+2 ( -1 6+10—2+
(mn = (m =n 6x 10
10+10—-2
+4(7’l—1) W+4(mn—(m+2n)+
42 10+12 -2
10x12 °

After simplification and rearranging the
terms, we get:

62 4 J_ 8
ABC,(G) = m{\/——i— } n{i AR
n{\/f 4}7771 14 5V10 2J_ 2435 210

J§J€3 5 5 15

4. CONCLUSION

In this paper, we have computed some de-
gree-based topological indices for the chemical
graph copper(ll) oxide, CuO. Exact and close re-
sults were shown for the atom bond connectivity
index ABC, geometric arithmetic index GA, gen-
eral Randi¢ index, GAs and ABC,, Zagreb indices
for CuO. These results are fruitful and helpful in
understanding the topological properties of cupric
oxide. In the future, we are interested in sketching
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and designing some new chemical graphs and ex-
amining their underlying topological properties.
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