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Abstract: Topological descriptors are non-empirical graph invariants that characterize the structures of
chemical molecules. The structural descriptors are vital components of QSAR/QSPR studies which
form the basis for theoretical chemists to design and investigate new chemical structures. Irregularity
indices are a class of topological descriptors that have been employed to study certain chemical
properties of compounds. This article aims to compute analytical expressions of irregularity indices for
three important classes of polycyclic aromatic hydrocarbons. The intriguing properties of these classes
of compounds have several potential applications in wide-raging fields, which warrant a study of their
properties from a structural perspective. Additionally, the 3D graphical representations of a few indices
are presented, which will aid in analyzing the similarity of behavior among the indices.
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1. Introduction

A Polycyclic Aromatic Hydrocarbon (PAH) is an organic compound that contains at
least two aromatic rings placed in linear, angular, or clustered structures. PAHSs are primarily
produced by anthropogenic and natural combustion processes, with palpable environmental
and human health effects. They are also marked by intriguing characteristics such as spectra,
specific reactivity, and photophysics [1,2]. PAHSs are primarily studied for toxicity analyses as
these substances are toxic and carcinogenic and are also present ubiquitously. The recent
development in the field of nano-sciences, particularly in graphene-based molecules, has also
rekindled the interest among researchers in the study of PAHSs [3].

Hexabenzocoronene [4] (HBC) is a PAH of empirical formula C42H1s. The molecular
structure includes a coronene as its core and additional benzene placed between each pair of
rings on the circumference. HBC molecules exhibit outstanding stability and self-assembly.
The HBC and their derivatives are applied across wide-ranging technologies from batteries and
solar cells to sensors and semiconductors [5,6].

Dodeca-benzo-circumcoronene (DBC) [7] is a PAH that consists of thirty-one benzene
rings with the empirical formula CssHz4. Twelve of these rings are placed such that they enclose
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a circumcoronene molecule at the center. The structure of DBC provides a prototype for
graphene nanoflakes.

Hexa-cata-hexabenzocoronene (cHBC) is a PAH of empirical formula CasH24. The
structure comprises a coronene molecule at its center and an additional benzene ring placed on
top of each ring along the perimeter. It is also widely known as contorted hexabenzocoronene
due to its twisted structure [8], which is used in several applications such as photovoltaic
materials, chemoresponsive, and photoresponsive transistors, and in Li-ion batteries [9,10].
This article focuses on studying these three structures from a structural perspective using
irregularity indices.

A topological index or a molecular descriptor is a distinct number that quantifies the
topology of a molecular structure and its characteristics [11]. The topological descriptors
provide an efficient alternative to complex quantum chemical calculations in the theoretical
analysis of molecular structures and hence have been studied extensively [12]. Recently,
Julietraja and Venugopal computed the degree-based indices for coronoid structures [13]. Chu
et al. computed the degree- and irregularity-based molecular descriptors for benzenoid systems
[14]. Julietraja et al. also computed the vertex-degree based (VDB) indices using M-
polynomial for certain prominent classes of polycyclic aromatic hydrocarbons. For certain
types of benzenoid systems, degree-based entropy measures were also studied [15-17]. A
topological index is called an irregularity index if the index is non-zero for a non-regular
molecular graph and becomes zero for a regular molecular graph [18]. Irregularity indices are
particularly applied in the quantitative study of non-regular graphs based on their topology
[19]. The irregularity measures of graphs are used in the quantitative structure-activity
relationship (QSAR) and quantitative structure-property relationship (QSPR) studies for
estimating several chemical and physical characteristics, such as melting and boiling points
enthalpy of vaporization, resistance, entropy, and toxicity [20].

The scientific significance of the above structures warrants a study from a structural
perspective. Prabhu et al. [21] have analyzed these molecular compounds using distance-based
indices. In this article, we attempt to investigate these structures using irregularity indices. A
very few articles in the literature have investigated chemical structures using irregularity
indices. Hence, this article will add substantial weightage to the current understanding of
PAHs.

2. Graph theoretical concepts

In this article, I'(V, E) is a connected graph. V (I') represents the vertex set, and E (I")
denotes the edge set of the graph. The degree of a vertex is depicted as deg-(v) is the number
of edges that contain the vertex v as an endpoint [22]. There exists a very extensive literature
on degree-based topological descriptors, which show a strong correlation with several physical
and chemical properties of PAHs. Some of these indices, as defined below, have been used to
compute the irregularity indices.

Definition 1. The first and second Zagreb indices of a graph I" are defined [23] as

M) = ) (degr(x) + degr(v2)

xzyzeE

M) = ) (degr(x;) - degr(r)

xzyzeE
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Definition 2. The reciprocal Randi¢ index [24] is described as

RR(G) = ) \[(degr(x) - degr(r)

X2Y2€E

Definition 3. The forgotten topological index [25], which is defined as

F@ = ) (degr(x)? + degr(v:)?)

nyzeE

2.1. Irregularity-based indices for QSPR/QSAR studies.

Table 1. Irregularity-based indices [20].

S. No. Irregularity based indices
1. _ 2m\? M) 2my?
VAR() = Z (dearcer -S7) === (37)
2 2
2| R = Y dear? == D deg e = FCO) = SE M)
30 | oty o [Praser (egr(x) degr)) _2m _ [yr) _2m
a m n - m n
4. _ degr(x;) degr(yz)|
IRDIF(D) xzyzzeJdegr(YZ) degr ()
5. L) = ) Idegr(x;) - degr(vy)|
X2Y2€E
6. IRL(I") = Z |Indegr(x,) — Indegr(y,)]
X2Y2€E
7. _ |degr(x;) — degr(y,)|
U= 2, min(degr () - degr 02))
8. IRLF(I") = |degr(x;) — degr(y,)|
ooty \[(degr(xy)  degr(v2))
9. | IRF() = ) (degr(xy) = degr(y:))* = F(I) = 2My(T)
X2Y2€E
10. _ |degr(x;) — degr(y,)|
IRLA(T) =2 xzyZZ;EE (degr(x;) + degr(y2))
11. IRA(I') = z (degr(xz)‘l/z _ degr(yz)'l/z)z
X2Y2€E
12. | rB(I) = Z (degr(x)"/2 — degr(y,)"?)"
X2Y2€E
13. IRC(T) = Yx,y,€E J(degr(xy) - degr(y2)) _2m _ RR(IN) _2m
m n m n
14, IRGA(T') = ln( (degr(x;) + degr(y,)) )
ooty \2(/(degr(x;)  degr(v2))
1
15 TIRR() =5 ) Idegr(x) = degr(y)|
X2Y2€E
3. Methods

The results presented in this article are calculated by employing the degree counting
method, analytical techniques, and edge partition method. The analytical expressions of
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irregularity descriptors have been computed using Maple 2016, and the 3D visualization of
certain computed indices is also generated using the same tool. ChemDraw Ultra 18.1 is used
in representing the molecular structures of the PAH systems visually.

4. Computing the irregularity-based indices for HBC(r)

Let T be HBC(r). The cardinality of HBC(r) isV(l) = 187> —18r + 6 = n and
E(T) = 27r? —33r + 12 = m, where m and n indicates the total number of vertices and
edges of HBC (r) and illustrated in Figure 1.

Table 2. Edge partition Table for HBC(r).

(degr(xy),degr(y,)) Total number of edges Set of edges
(2,2) 6r |EG 2]
(23) 12r — 12 | E{g.a}l
2 _
(3,3) 27r% —51r + 24 |E{V3’3}|
0) (ii)

(iii) (iv)

Figure 1. (i) Coronene; (ii) HBC(2); (iii) HBC(3); (iv) HBC (4).
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Theorem 1. If T is the HBC(r), then the irregularity-based indices are computed as
27r*—90r3+237r2+28r-16
1. VAR(I) = ( (3r2-37+1)2 )
24(9r3—24r2+20r—5))
3r2-3r+1

2. IR1(I) = (

IR2T _ /5412-977+47/9r2—111+4-(3r2-3r+1)V2-9r2+11r—4
' () = 3r2-3r+1

IRDIF(I") = § - (12r — 12)

3

4,

5. AL(T) = 12r — 12

6. IRL(I') = 0.40545 - (12r — 12)
.

8

9

. IRLU(I) = % (12r — 12)
IRLF(I") = % (12r — 12)

. IRF(I') = 12r — 12
10. IRLA(T) = % (12r — 12)
11. IRA(I) = 0.16832 - (12r — 12)
12. IRB(I") = 0.10106 - (121 — 12)

3_ 2 _ 4_ 3 2_
13, IRC(F) _ ((12r 24re+16r 44)\/3-4-3277‘ 2120r +167r 96r+22)
27r*—60r°>+54r<—-23r+4

14. IRGA(I") = (0.20391e — 1) - (12n — 12)

15. IRR,(I") = % (12r — 12)
Proof: Let I' be the HBC (r) network, then the number of vertices and edges of HBC (r) is
V(r)=18r?>—-18r+6 and E(I') = 27r? — 33r + 12.

From Table 2, it is noticeable that

|E{0é,2}| = 67‘
|EL 5| = 12r — 12
|EL 5| = 2772 = 517 + 24,

By using the definitions of M, (I"), M,(I"), RR(I") and F(I"),we obtain the following result as
M;(T) = 21612 — 3607 + 168

M,(T) = 324r2 — 582r + 282

RR(I) = 108r2 + (12r — 12)V6 — 2107 + 114

F(T) = 648r2 — 1152r + 552

VAR(T) = Z (degr(xz) - sz)z _ M@ (Zm)z

n n

X2€V

Now put the values of M, (T) , nand m in VAR(I") then the result is obtained as

_(216r2—360r) (2(27r2—33r+12))2
~ \18r2-18r+6 187r2-187+6

_ (27r4—90r3+23r2+28r—16)
(3r2-3r+1)2

2 2
IRI(T) = ) degr(x;)* — == ) degr(x;)* = F(I) === M;(I)

X2€V X2€V
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Now put the values of F(T'), M;(T') , nand m in IR1(T") then the result is obtained as

2(27r% — 33r + 12)
18r2 —18r + 6

= 648r% — 1152r + 552 — < > - (21612 — 3607 + 168)

_ (24(9r° — 247r% + 20r - 5)
B 3r2 —3r+1

degr(x;) - de 2m M,([T) 2m
IR2() < jzxmeE( gr(xy) - degr(y) 2m _ [My(r)
m n m n
_ 324r2-582r+282 _(2(27r2—33r+12))
N 27r2-33r+12 18r2-187+6

V5412 —97r +47/9r2 —11r + 4 3r2 = 3r + V2 - 9r? + 11r — 4

3r2—3r+1
degr(x;) degr(y;)
IRDIF(T) = Z -
) degr(y;) degr(y2)
x2y2€E
2 2
= |5 A 1ES s+ =3 |EGa| + 22| B )
= 5- (12r — 12)
AL(T) = Xy, y,celdegr(xz) — degr(y2)|
= 12— 2| |ES | + 12 =31 [EL | +13 - 31 - |EL, )
=12r —12

IRL(T) = ¥.x,y,ck | Indegr(x;) — Indegr(y,)|

= |n2 — In2| - |E& | + |2 — 3] - |EL, | + 11n3 — 3] - | E?
= 0.40545 - (121 — 12)

IRLU(T) = szyZEE |degr(xz)—degr(y2)|

mln(degr(xz) degr(y2))
I2 3]

ol

= lz 2 |EG 5] + ==

= E' (12r —-12)
|d —d |
IRLF(IN) = szyZEE egr(xz)—degr(yz)

J(degr(xz)-degr(y2))
|2 3| |E |3 3|

+557 [

|

|2 2|

|E

[EG |+ 33}|

1
7 (12r — 12)
IRF(I) = ¥, y,ce(degr(xy) — degr(y;))? = F(I') — 2M,(I')
Now put the values of F(I') and M, (T) in IRF(I') then the result is obtained as
= 648r%2 — 1152r + 552 — 2(324r2% — 582r + 282)

{23}

=12r — 12
|degr(x;) — degr(y,)|
IRLA(T) = 2 Z
() (degr<xz> T degr(y2)
X2Y2€E
I2 |3 — 3|
—o(B e 225 IE”}I = |EL)|
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2
=z (12r —12)
1 _1\?
IRAM) = ) (degr(x) 2 — degr (7))
X2Y2€E

~ () el + (=) [l + (5 ) Jeal
“\a vo el TR el T e e
=0.16832- (12r — 12)

IRB(I') = Z (degp(xz)% - degr()’zﬁ)

nyzeE

2

= (V2 - \/_) EE 4l + (V2 - ‘/_) | 23}| + (V3 - \/_) |E33}|
—0.10106 - (121 — 12)

IRC(T) = Yixyy€E \/(degggxz) -degr(y2)) 3 211111 _ RI:,EF) B 2:1

Now put the values of RR(I"),n and m in IRC (I") then the result is obtained as
_ (1087’2 + (12r — 12)\/5 —210r + 114) (2(27r2 —33r+ 12))

27r? —33r+ 12 18r2 —18r + 6

27r* — 60713 + 54r2 — 23r + 4

(degr(xz) +degr(y2))
IRGA(T) = ! ( )
nyZEE " 2\/(deg,~(x2) ~degr(y,))

ln<> |E{22}|+ln< ) |Ezg}|+ln<) |E33}|

= (0.20391e — 1) - (12n —12)
1
IRR(I') = 2 Z ldegr(x;) — degr(y;)|

B ((12r3 — 2472 + 167 — 4)V6 + 27r% — 12073 + 16712 — 967 + 22>

) X2Y2€E
=EI(|2_2|.|E{0§’2}|+|2 |E23}|+|3 |E33}|)
=%- (12r —12)

5. Computing the irregularity-based indices for DBC(r)

Let I be DBC(r). The vertex set and edge set of DBC(r) isV(I') = 18r2 + 6r =n
and E(I') = 27r? + 3r = m, where m and n represent the total number of vertices and edges
of HBC (r) and they are picturized in Figure 2.
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(i) (i)

(iii)
Figure 2. (i) DBC(2); (ii) DBC(3); (iii) DBC(4).

Table 3. Edge partition Table for DBC (r).

(degr(xy),degr(v2)) Total number of edges Set of edges
2,2) 6r | E{Az,z}|
2.3) 12r | E{”z,a}|
(3,3) 27r% — 15r | E{"3‘3}|

Theorem 2: If I is DBC (r), then the irregularity-based indices are computed as

1. VAR() = (ﬂ)

(3r+1)2

https://biointerfaceresearch.com/ 2977
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2. IR1(I) :(
J@Lr—13)/(9r+1) (3r+1-97—
3. IR2(I") = (81r—13)/(9r+1) (3r+1-9r—1)

3r+1

IRDIF(I') = § - (121)

180r2—60r)
3r+1

4
5. AL(I') = 12r
6. IRL(I') = 0.40545 - (12r)
7. IRLU(T) =§- (12r)

8. IRLF(I) =%- (127)

9. IRF(I') = 12r

10. IRLA(T) = % (127)

11. IRA(T") = 0.16832 - (127)
12. IRB(I") = 0.10106 - (12r)

13. IRC(I") = (

(12r+4)d€—24r—12)
27r24+12r+1

14. IRGA(I") = (0.20391e — 1) - (12r)
15. IRR,(I") = % (12r)

Proof: Consider I' is the DBC (r). The total number of vertices and edges of DBC (r) are
V() =18r?+6rand E(I") = 27r% + 3r.

From Table 3, it can be observed that

| Eyz] = 67

| E{“Zlg}| = 12r

| Efy 3| = 2772 — 157,

By using the definitions of M, (I'), M,(I"), RR(I") and F(I"), we get the following result as
M, () = 162r% — 6r
M,(I') = 243r% — 39r
RR(I') = 81r2 + 12rv6 —33r
F(I') = 48612 — 6675

2m\> M. () [2m\*
vancr = " (deary - 22 <4402 (2

n n

X2€V

Now put the values of M, (G) ,n and m in VAR(G) then the result is obtained as

(16212 —6r\  (2(27r% +3r)\
~\ 18r2 +6r 18r2 + 6r

_ 6r — 2
- (G52
2 2
IRI(I) = ) degr(x,)* — == " deg(x,)* = F() ==~ My ()

Now put the values of F(G), M,(G) ,n and m in VAR(G) then the result is obtained as
https://biointerfaceresearch.com/ 2978
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2(27r%+3r)
1812461

= (48612 — 667) — (

B 180r? — 60r

B 3r+1

IR2(I) = Yxpy,ce (degr(xz) - degr(yz)) _2m _ M,(I) 2m
m n m n

) - (162r2 — 67)

Now put the values of M, (I") , n and m in IR2(I") then the result is obtained as

_ [ [243r%2 —39r 2(27r% + 3r)
B 27r2 + 3r 18r2 + 61

_JB1r—13)/(9r+1) Br+1-9r - 1)
- 3r+1

B degr(xz)  degr(yz)
IRDIF(I) = ¥,,y,cE degr(yy)  degr(ya)

2 A ]2ld 33,
== 1l + [~ L R
= - (127)
AL(T) = X,y,celdegr(x;) —degr(y,)|
= 12— 2| |Ef | +12 3] |E{"2’3}| +13=3]-|EY 4|
= 12r
IRL(T) = Yy, y,cellndegr(x;) — Indegr(y,)|
= |In2 — [n2]| - |E{2 2}| + |In2 — In3| - |E23}| + |In3 — In3| - |E{3 3}|
— 0.40545 - (127)
d -d

min(degr(xz)-degr(yz))
|2 3|

' |E{P;,3}

+|3 S |E{33}|

=22 | + 22
= E ' (12T)

_ |degr(x2)—degr(y2)|
IRLF(I) = 2xpyser \/(degr(xz) degr(y2)

|2 3| |3 3|
Efa| +—=

| {2,3}

|2 Zl |E{22}| +—=

|Ef 5

1
=—"(12r
7 (12r)
IRF(N) = ) (degy(x;) - degr(y2)* = F(I) — 2My(I)
x2y2€E
Now put the values of M,(I") and F(I') in IRF (I") then the result is obtained as
= 48612 — 661 — 2(243r2 — 397)

= 12r
|degr(x,) — degr(y,)|
IRLA(T) = 2 Z (deﬁkxﬁ) +def};<§§»
_ 2<I2 |ER |+ |E23}| — |E{33}|>
= % (12r)

https://biointerfaceresearch.com/ 2979
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2
IRA() = (degr(xz)_%—degr()’z)_%)

X2Y2€E

1 1,2 R 1 112 u 1 1\° v
= (ﬁ_ ﬁ) ’ |E{2,2}| + (ﬁ B ﬁ) ' |E{2,3}| + (ﬁ a ﬁ) . |E{3’3}|
= 0.16832- (12r)

IRB(I') = z (degr(xz)%—degr(yz)%)

x2y2€E
2 2 2
= (VZ2=V2) - [Epl + (V2= V3) - [Efy 5| + (V3= V3) - |Et
= 0.10106 - (12r)
Yxyyyck \(degr(xz)-degr(y2))  2m _ RR() _ 2m

2

IRC([') - m n m n
Now put the values of RR(I"), m and n in IRC(I") then the result is obtained as

[ (81r% +12rV6 —33r 2(27r% + 37)
B 27r2 + 3r 1872 + 61

_((2r + 4)V6 — 24r — 12
B 27r2 4+ 12r + 1

(degr(x;) +degr(y;))
IRGA(T) = ! ( )
xz;@ " 2,/(degr(x;) - degr(y,))

(3 5 " 6\ (..
=n (Z) . |E{2'2}| +in (ﬁ) ' |E{2,3}| +in (g) ' |E{3,3}|
= (0.20391e — 1) - (12r)

1
IRR,(I') = 2 z |degr(x;) — degr(y2)|

x2y2€E
1
— A
=2 (|2 — 2| || +12 3] |E{"2_3}| +13-3] |E,3’3,3}|)
— - (20)
6. Computing irregularity-based indices for cHBC(r)

Let I" be cHBC(r). The vertex set and edge set of cHBC(r) isV(I') = 24r? — 30r +
12=n and E(I') = 36r? — 54r + 24 = m , where m and n represent the total number of
vertices and edges of HBC(r) and they are picturized in Figure 3.

oNe
gplesese
O O

(M) (ii)

https://biointerfaceresearch.com/ 2980



https://doi.org/10.33263/BRIAC123.29702987
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC123.29702987

0.0 0 0
0.0 0 OO O OO

YO OD 000000
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(iii) (iv)
Figure 3. (i) Coronene; (ii) cHBC(2); (iii) cHBC(3); (iv) cHBC(4).

Table 4. Edge partition Table for cHBC (7).

(degr(x3),degr(y,)) Total number of edges Set of edges
2,2) 12r -6 |E{§2’2}|
(23) 12r — 12 |EG 3]
(33) 3612 — 787 + 42 |ES 5]

Theorem 3. If T is the cHBC(r) network, then the irregularity-based indices are computed as

24r2—42r+20
L VARM) = (50)
120(r-1)%(3r-2)
2. 1RI(N) = (L 0)
2— 2_ (42— o2 B
3. IR2(I) = <J54r 971 +47/67 Z:::LS(::Z 5r+2)-12r2+18r 8)

4. IRDIF(I') = § (12r — 12)

5. AL(I) = 12r — 12

6. IRL(I') = 0.40545 - (12r — 12)
7. IRLU(T) = % (12r — 12)

8. IRLF(I) = =+ (12r - 12)

9. IRF(I') = 12r — 12

10. IRLA(I) = % (12r — 12)

11. IRA(I") = 0.16832 - (12r — 12)
12. IRB(I") = 0.10106 - (127 — 12)

_ 2_ _ 2 _
13. IRC(I") = ((r 1)(8v6r?—10vV6r—141%+4/6+157 6))

24r*—6613+73r2-387r+8

14. IRGA(I') = (0.20391e — 1) - (12r — 12)
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15. IRR,(I") = - (12r — 12)

Proof: Consider I' is the cHBC (r).The total number of vertices and edges of cHBC (r) are
V() = 24r% — 30r 4+ 12 and E(I") = 3612 — 54r + 24.

From Table 4, it can be observed that

|ES, | = 127 6

|EG 3| = 12r — 12

|EfS 3| = 3672 — 78r + 42.

By using the definitions of M, (I'), M,(I"), RR(I") and F(I"), we get the following result as
M, (') = 2167r% — 3607 + 168
M,(I') = 324r% — 582r + 282
RR(I') = 10872 + (12r — 12)V6 — 210r + 114
F(I') = 648r% — 1152r + 552

2m\®>  M,(G) [2m\*
VAR(T) = Z(dega(xz) ——) _ M )—( )

n n n

uev

Now put the values of M, (I") ,nand m in VAR(I") then the result is obtained as
216r2 — 360r + 168\  (2(3612 — 547 + 24)\"

( 24r2 —30r + 12 >_< 24r2 —30r + 12 )
24r% —42r + 20

- ( 417 — 57 + 2 )

2 2
IRLI) = ) degr(x,)* === > degr(x;)* = F(I) === My (I)

X2€V X2€V
Now put the values of F(I"), M,;(I") ,nand m in IR1(I") then the result is obtained as
2(36r% — 54r + 24)

2412 — 307 + 12

= 648r% — 11527 + 552 — <
~ (120(r —1)23r - 2)>

)(216r2 — 360r + 168)

4r2 —5r 4+ 2

IRa(T) = jzxmeE (degr(cy) degir) _2m _ /Mi(f)‘zgl

Now put the values of M,(I") , n and m in IR2(I") then the result is obtained as
\/3247‘2 — 582r + 282 <2(36r2 — 54r + 24))

3612 — 54r + 24 24r? — 30r + 12

4r2 —5r + 2

degr(xz)  degr(yz)
degr(y2) degr(y2)

- -3 8l + -2 el + -4 - Il
=21.(12r - 12)
3

_ (\/547"2 —97r +47/6r2 — 9r + 4- (4r2 — 5r +2) — 12r2 + 18r — 8)

IRDIF(I) = Y,y
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AL(T) = Xy, y,celdegr(xz) —degr(y,)|

=12 =2|"|Epy| +12 =31 |Egz| + 13 =31 |Ega|

=12r —12

IRL(I) = }.,y,cellndegr(x;) — Indegr(y,)|

= |[In2 — In2| - |[Ez | + 1In2 — 3] - |Ey 5| + |In3 — In3| - |Eqz 3]
= 0.40545 - (12r — 12)

_ |degr(x2)—degr(y2)|
IRLU(T) = Yixysex min(degr(xz)-degr(y2))

|2 3| |3 3|

= |E{2 3l +—
=2 (12r ~12)

_ |degr(x2)—degr(y2)|
IRLE(r) = szyZEE J(degr(xz)-degr(y2))

|2 3|

By + = |Eza|

|2 2| |3 -3

NEea| + == |Eay| + == [E@a)]

1
=7 (12r — 12)

IRF(I') =Y, y,ce(degr(x;) —degr(y2))* = F(I') — 2M,(I')
Now put the values of F(I") , M, (I') in IRF(I") then the result is obtained as
= 64812 — 1152r + 552 — 2(324r% — 582r + 282)

=12r —12

_ |degr(x;) — degr(y,)|
IRLA(T) =2 Z (degr(xz) ¥ degr()’z))

|2 — 3] |3
= 2( |E{2 2|+ Bz + |E{3 3}|>
- % (12r — 12)
2

IRA(T) = Z (degp(xz)_% - degr()’z)_%)

x2y2€E

1 1.2 2 2
(\/— \/—) | {22}| <\/— \/—> | {23}| (\/— \/—> | {33}|
= 0.16832- (12r — 12)
2

IRBU) = ) (degr(x)2 - degr(y,)?)

x2Y2€E
2 2 ’
= (\/E - \/f) ) |E{2,2}| + (\/E— \/§) ' |E{2.3}| + (\/§— \/5) . |E{3’3}|
= 0.10106- (12r — 12)

IRC(r) = Zxaveck N (deg;gxz) -degr(y2)) 2:1 _ RI:'(lf) _ Z;n

Now put the values of RR(I") , n and m in IRC(I") then the result is obtained as

[ (108r% + (12r — 12)v/6 — 2107 + 114 2(3612 — 54r + 24)
B 36712 — 54r + 24 2412 — 307 + 12

_((r = 1)(8V6r? — 10V6r — 1412 + 46 + 157 — 6)
B 24r% — 6613 + 73r2 — 381 + 8
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(degr(xz) + degr(y2)) )
= l
tREAM yZE "(z«degr(xz) “degr(2)

4 5 6
=n <Z> Bz + I (ﬁ) Bz + In (g) B3]
— (0.20391e — 1) - (127 — 12)
1
IRR(I') = 5 Z |degr(xz) — degr(y2)|

x2y2€E
1
=3 (12 =21 |Ega| + 12 =31 [Egg| + 13 =31 |Egz))
=%- (12r — 12)

7. Graphical Representations of the Obtained Results

The chemical structures are visualized as molecular graphs by employing the graph-
theoretical methods. Based on the molecular graphs, the irregularity descriptors are computed
as functions of r, the parameter which defines the underlying molecular topology. To
understand the relationship and behavioral pattern of the calculated indices, the analytical
expressions of a few selected indices are represented as 3D plots against variable r. The 3D
plots of Theorems 1, 2, and 3 are provided in Figures 4, 5, and 6, respectively. It is obvious
from the graphs that the indices vary depending upon the molecular structure.

e
—

Figure 4. 3D Plots for the results obtained in Theorem 1

https://biointerfaceresearch.com/ 2084


https://doi.org/10.33263/BRIAC123.29702987
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC123.29702987

Figure 6. 3D Plots for the results obtained in Theorem 3.

8. Conclusions

In this article, the analytical expressions of irregularity indices have been computed for
three types of PAH structures, namely, hexaperi-hexabenzocoronene (HBC), dodeca-benzo-
circumcoronene (DBC), and hexa-cata-hexabenzocoronene (cHBC). The 3D graphical
https://biointerfaceresearch.com/ 2085
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representations of the analytical expressions provide a visual conceptualization of the
relationship between the irregularity indices and the corresponding molecular structures. The
computation of eccentricity-based indices for these structures can also contribute to further
studies on these structures, as they have not been explored before. This remains an open
problem for future researchers.
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