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Abstract In theoretical chemistry the quantitative parameters which are used to describe the
atomic topology of graphs are termed as topological indices. Through these topological indices
many physical and chemical characteristics such as melting point, entropy, energy generation
and vaporisation enthalpy of chemical compounds can be predicted. The theory of graphs has a sig-
nificant use in measuring the relationship of certain associated graphs with various topological
indices. In this paper, we compute novel topological indices based on eV- and ve-degrees for star-
phene St[n, m, [] and fenestrene F[n, m]. A Maple-based algorithm is proposed for the calculation of
ve and eV-degree based topological indices from the graph adjacency matrix.

© 2022 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Chemical graph theory is a branch of mathematical chemistry that
applies graph theory to mathematical modeling of chemical phenom-
ena. The topological index is a graph invariant that describes the

* Corresponding author.

molecular structure’s topology and transforms it to a real number that
predicts certain of its physico-chemical characteristics such as freezing
point, infrared spectrum, boiling point, viscosity, melting point, elec-
tronic parameters, and density (Zhong et al., 2021; Siileyman, 2017;
Rauf et al., 2021). The reader may access to some of the previously

E-mail addresses: gdxupeng(@gzhu.edu.cn (P. Xu), attari_ab092@yahoo.com (A. Rauf).

Peer review under responsibility of King Saud University.

FLSEVIER Production and hosting by Elsevier

https://doi.org/10.1016/j.arabjc.2022.104054

1878-5352 © 2022 The Authors. Published by Elsevier B.V. on behalf of King Saud University.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://crossmark.crossref.org/dialog/?doi=10.1016/j.arabjc.2022.104054&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:gdxupeng@gzhu.edu.cn
mailto:attari_ab092@yahoo.com
https://doi.org/10.1016/j.arabjc.2022.104054
http://www.sciencedirect.com/science/journal/18785352
https://doi.org/10.1016/j.arabjc.2022.104054
http://creativecommons.org/licenses/by-nc-nd/4.0/

2

P. Xu et al.

published works on topological indices (Rauf et al., 2022; Sarkar et al.,
2018; Sarkar and Pal, 2020; Naeem and Rauf, 2021; Rauf et al., 2021).

Starphene is a single ring of benzene that was surrounded by three
identical substituents of arene (Riidiger et al., 2019). The derivatives of
benzene are manufactured on large scale for use in high-quality octane
gasoline and production of polymer. Ortho-bromotetracene and ortho-
dibromopentacene are suitable and undergoes the trimerization of Ni-
catalyzed for the formation of starphene. The red starphene is made up
of three hexacenes, with one centre ring shared with the orange star.
Decastarphene-(3,3,3) is the largest unsubstituted derivatives of star-
phene which is formulated in 1968 by Clar and Mullen (1968). It is very
complicated to prove that this is a complete aromatic conjugation that
does not exist in starphene substituent. Starphene is an attractive com-
pound due to its physicochemical properties. They inherited their char-
acter from arenes, which make them an interesting compound for the
study of organic electronics and optics. It makes it very challenging for
the synthesis of larger starphene due to their instability (Holec et al.,
2021). The general fenestrenes uses the following formulas:

2,2 m 2,2,....2 .n, 2,....2
msl_p m— melp

This is the ZZ polynomial of fenestrenes. This formula is help-
ful to find the alternative formula for the ZZ polynomial of
fenestrenes F(n,m). The structure of fenestrenes contains zig-
zag chains that forms four disconnected parts (Chou and
Witek, 2015). Generally, fenestrenes are used for the testing
of pro-apoptotic activities on the two human cancer cell line
(THP-1 and SW620) (Hulot et al., 2010).

Let G = (V, E) be a simple graph, where V' = V(G) is a non-empty
set of elements referred to as vertices or points and E = E(G) is a set of
unordered pairings of different members of V(G) referred to as edges
or lines. The sets V(G) and E(G) are referred to as the vertex set
and edge set respectively. The degree of a vertex v € V(G), represented
by the symbol d,, is the number of edges that are incident to v. Two
vertices u and v of G are adjacent if they are connected by an edge
e = uv. The open neighbourhood of v is defined as the collection of ver-
tices that are connected to u and is represented by the symbol N(u).
The closed neighbourhood of u denoted by Nu] is obtained by adding
the vertex u to N(u).

Topological indices (TI) plays an important role in explaining and
quantifying the molecular structure of hydrocarbons. The first topo-
logical index was defined by Wiener (1947) while he was working on
the boiling point of paraffin. Randic index was introduced by
Randic (1975) and for any graph G, it is defined as

1
R.(G) = —_—
{0 2
Gutman and Trinajstic (1972) proposed the first and second
Zagreb index in 1972 and applied them to the branching prob-
lem (Gutman et al., 1975). The first and second Zagreb indices
are defined as

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

uveE(G)
My(G) = > (d,xd,).
uve E(G)

The sum connectivity index was proposed by Zhou and
Trinajstic (2009). It is denoted and defined as:

1
SCIG) =Y ——.
P B

Zhong (2012) proposed the harmonic index which is defined as
follows:

HG) =) (ﬁ)

uek

Estrada et al. (1998) introduced the notion of Atom Bond
Connectivity (ABC) index which is defined as

dy+d, -2

ABC(G):Z i

uvek

Graovac and Pisanski (1991) proposed Geometric Arithmetic
(GA) index which is defined as

2y/d.d,
GA(G) = Zd —

uwek

For more details on the study and computation of topological
indices, the reader may refer to (Aslam et al., 2018; Aslam
et al., 2017; Bashir et al., 2017; Chu et al., 2021).

Recently, two variants of degree based topological indices were
proposed by Randic (1975). These indices are based on ve-degree
and eV degree. Some mathematical properties of these indices were dis-
cussed by Bollobs and Erdos (1998). Ediz (Amic et al., 1998; Graovac
and Pisanski, 1991; Estrada et al., 1998) translated the classical degree
based topological indices into eV-degree and ve-degree based topolog-
ical indices. It was observed that ve-degree based zagreb index has
strong predictability power than the classical Zagreb index. The eV-
degree of any edge uv = e € E(G) is the total number of the vertices
of closed neighbourhoods of the end vertices of an edge e. The el
degree of an edge e is denoted by W¥,,(e). The ve-degree of any vertex
v € V(G) is the total number of different edges which are adjacent to v
and the first neighbor of v, and is denoted by ¥,,(v). The Mathematical
formulas for some of the eV-degree and ve-degree based indices are
presented in Table 1.

2. Structure of starphene St[n, m, ]

In this section, we discuss a class of benzenoid system named
starphene. Starphene is colorless and its melting point is
198°C. If three hexagons are attached by a common vertex,
the benzenoid structure is called peri-condensed, otherwise,
we say catacondensed. We denote the structure of starphene
by St[n,m,l], where m,n,! denotes the number of hexagons

Table 1 Ev-degrees and ve-degree based indices.

Ev-degree based Notation  Mathematical Formula
topological indices
16 1 ey _1
Randi¢ index R SepPor(e)
Zagreb index M S E\{lw(ef
Ve-degree based topological Notation = Mathematical Formula
indices
First Zagreb f-index M{W Y oweePre(w) + e (v)]
Second Zagreb f-index Mg“’ Y owerPre (1) X Wy (v)]
Harmonic index H" > e EW
Sum Connectivity index 7 e Woe (1) + v, ()]}
Geometric Arithmetic GA™ 20/ Wy (1) x Py (1)
index Z“VEE (Fre () +¥e (v))
Atom Bond Connectivity ABC’ ) Voo (1) + W (1) —2
fndles weE\/ (Wye(u)xW¥he(v))
- 64 4 ve 1
Randi¢ index R > werWre(u) x Woo(v)] 2
First Zagreb a-index My ZveVlPW’(V)Z
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Fig. 1

Structure of starphene St[n, m, I].

in each linear chain attached with the central hexagon respec-
tively. The molecular structure of starphene is depicted in
Fig. 1. The structure of St[n,m,l] has total number of
2(2m+2n + 21— 3) vertices and 5m + 5n+ 5/ —9 edges. Let
V; denotes the vertex set of St[n,m, /] containing the vertices
of degree i. Then the vertex set V(St[n, m, []) can be partitioned
into two sets V, and V3 with |V, =2m+2n+2] and
|V3| = 2m + 2n+ 2] — 6. Let ¢; ; denotes the edge set contain-
ing the edges of St[n, m, ] having degree of end vertices as i and
J. The edge set of St[n, m, /] can be partitioned as follows: &, »)
containing 9 edge, ¢, 3y containing 2(2m + 2n + 2/ — 9) edges
and &, 3 containing m + n + [ edges.

2.1. Main results

Theorem 1. Let H denoted the graph of starphene St[n,m, ). Let
m,n,l = 3, then eV-degree Zagreb and Randic index are

@)  M®(H) = 136m + 136n + 136/ — 306.
b ROH) = (%+F)m+ (L+ L)
&+ L)+ (3-8).

Proof 1. By using the edge partition given in Table 2, we can
compute the eV-degree Zagreb and Randic index as follows

Table 2 Edges partition for eV-degree of St[n,m, I].

(‘P(u),¥(v)) W (e) Frequency
&(2, 2) 4 9
2, ) 5 2(2m +2n + 20— 9)
@3, 3) 6 m+n+1

(a) Ev-degree Zagreb index

MY(H) = > Wale),
ecE(H)
M (H) = (4)’leaa)| + (5) e + (6)*|eas)|

136m + 136n + 136/ — 306.
(b) Ev-degree Randic index

ROH) = > Wale) ™,

ecE(H)

= 4 4
RY(H) = (4)]eayl + (5)leas| + (6)Zleas)|
_ 4 1 4 1 4 1 9 18
= (754‘%)}’”-"(754‘%)”-"(754‘\/—5)14-(5—%).

Fig. 2 and Numerical computation depicted in Table 5 and
6 shows an increasing behavior of eV-degree based indices with
the increase in the value of n,m and [. Zhong et al. (2021)
developed the quantitative structure—property relationship
(QSPR) between physical properties (Docking Score, Binding
Affinity, Molecular Weight and Topological Polar Surface)
and ve- and eV-degree based topological indices. They exam-
ined that among eV-degree based indices, the first eV-degree
Zagreb index (M) predict the molecular weight better than
eV-degree Randic index (R®). Hence, the above results of
eV-degree based indices are helpful to measure the physical
properties of starphene.

Theorem 2. Let H be a structure of starphene, then
MT“(H) = 170m + 170n 4 170/ — 390

Proof 2. The partition of vertex set of starphene based on ve
degree of each vertex is depicted in Table 3. By using Table 3,
we have first ve-degree Zagreb a-index

MP(H) = S L0,
veV(H)
M™(H) = (4)*(6) + (5)°(6) + (6)*(2m + 2n + 21 — 12)

J’_

(7Y (2m + 2n + 21 — 12) + (8)°(6)
170m + 1701 + 170/ — 390.

Fig. 3 shows an increasing behavior of first Zagreb alpha
index (M{*) with an increase in the values of n,m and I
Stileyman (2017) developed QSPR between physical properties
(Enthalpy of vaporization (HVAP), Entropy, Standard
enthalpy of vaporization (DHVAP), and Acentric factor)
and ve and eV-degree based Zagreb and Randic type indices
(Siileyman, 2017). He examines that M{™ can be helpful to pre-
dict the physical property Acentric Factor. Zhong et al. (2021)
analyzed that M7 can predict the molecular weight better
than eV-degree Randic index (R®). Hence, the above result
of ve-degree based index can be helpful to estimate the physical
properties of starphene.

Theorem 3. Let H be a structure of starphene Stln,m,l|
structure and m,n,l = 3, then

@@  MP(H) = 66m + 66n + 66/ — 144,

() MY(H) = 217m + 217n + 2171 — 504.
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Fig. 2 Plots of the indices (a) M* and (b) R”.
e(H) = (-4 L) 4 L)
Table 3  Vertices partition for ve-degrees of St[n, m, []. ® 1 (H) <\/T§ o)\t um)n
4 | 3.6 30 47
¥(u) ¥, (u) Frequency JF(\/_1—3JF\/_H)I+ (ﬁ+ﬁ - _13+§)~
& “ s R (H) = 4 1 4 1 4
2 5 6 (2 (H) = \/_4—24‘7 m+ \/ﬁ+7 n—+ W/
2 6 2m+2n 42012 e e e e
3 7 2+ 2+ 20— 12 D (Bt St s Tt )
3 8 6

Proof 3. By using the edge partition given in Table 4, we can
compute the topological indices based on the ve degree of end
vertices of each edge as follows

(a) First Zagreb f-index

2500 M (H) = Z (We(u) + e (v),

uve E(H)
° M (H) = (8)|E;| + (9)|E5| + (12)|E5| + (13)| B
5 200 F(14)|E2| + (14)|E| + (16)|E3| = 66m + 661 + 661 — 144,
~ * -~ (b) Second Zagreb f-index
3
2 - ME(H) = > (Poe(u) x Wie(v),
; uveE(H)
6 M2 (H) = (16)|E;| + (20)|E3| + (35)|E3| + (42)|E;|
0 +(48)[E5| + (49)| Eg| + (64)| 5]
=217m + 217n + 2171 — 504.
(¢) Atom-bond connectivity index
ve _ Woe (1) +Pre(v) -2
ABC(H) = ) \/Gweon
uveE(H)
©  ABCU(H) = (S P+ (45 + ) agc () = ()11 + (VE)IE + (VR)IE
(37 ) b (o o+ B o 4 3), +(yR)iE+ (VR)IE
@  GA(H) = (Y2 )m+ (324 1)nt +(yB)IE + (515
(%—2“ l+(¥——601342+#ﬁ+\/§+3)- =(%+@)(m+n+l)

©  HUCH) = i e+ - G R )}
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Table 4 Edges Partition based on ve-degree of end vertices of
each edge of St[n, m,[].

Table 5 Numerical results of topological indices for different
values of [n, m, ).

Edge (Wye(u), Pre(v)) Frequency

E| @.4) 3

B @.5) 6

E; 5.7 6

E, 6, 7) 2(2m+2n+ 21— 15)
E; ©. 8) 6

E¢ 7, 7) m+n+1—6

E; 8. 8) 6

(d) Geometric-arithmetic index

GAM Z

uve E(H
GA™ (H) = (”)\m + (2f)|E;| + (3F) 1B
+(2E) 15 + (2E) 13
+(22) 1) + (32 155
- (%;‘—Z-F 1>m+ %—F 1>n+ (8‘/—+ 1)1
+(AE- OB 5L V354 3),
(e) Harmonic index

2
Hve (H) _ 2z
uve E(H) W (1) + e (v)

e = (31l + ()1l + ()
(G () () iE+ () e

B LC N1 COE COE o
~ 546" " 546 546" 546°

(f) Sum-connectivity index

PH) =Y (Prelt) + W (1)

uveE(H)
= (8)E;| + (9) | + (12) 2|Ey| + (13) F|
+(14) 2| B3|+ (14) 2| Eg| + (16) 2| B3|
~ (e m+ (F+ )+ (+ )
+(F+H-%+1).

(g) Randic index

Whe (1) ><‘*‘u
TP ()T () 0

2 (H)

J\'—‘

RYH) = > (Woelu) x W) 7,
uveE(H)
R(H) = (16) | E}| + (20) | E5| + (35) Y| B3|

N N
+(42) 2| E| + (48) 7| E5|

—1 —1
+(49) 2| E| + (64) 7| E5|
- G+ G

4 1 9 6 6 _ 30 | 6

[n,m ) MP(H)  RY(H)  MP(H) M) ME(H)
[1,1,1] 102 3.0415 126 54 147
2,2,2] 510 9.6328 642 252 798
3,3,3] 918 162241 1158 450 1449
[4,4,4] 1326 228154 1674 648 2100
[5,5,5] 1734 29.4067 2190 846 2751
[6,6,6] 2142 359980 2706 1044 3402
(7,7,7] 2550 425893 3222 1242 4053
8.8,8] 2958 49.1806 3738 1440 4704
9,9,9] 3366 557719 4254 1638 5355
[10,10,10] 3774  62.3632 4770 1836 6006

Figs. 4-7 shows the behavior of the computed topological
indices based on ve degree. The values of all these topological
indices increases with the increase in the value of m,n and /.
Stileyman (2017) examines that the second Zagreb beta index
can be used to predicts the entropy and the Randic index
can be helpful to predicts the Enthalpy of vaporization and
Standard enthalpy of vaporization. Zhong et al. (2021) inves-
tigated that the first Zagreb beta index (Mf"‘)) predicts the
molecular weight and Topological Polar Surface better than
other ve-degree based topological indices. Overall, M?™ is
the best predictor of the molecular weight and Topological
Polar Surface in all ve- and eV-degree based indices. Hence,
the above results are helpful to measure the physical properties
of starphene.

3. Structure of fenestrene F[n,m)

In this section, we discuss about the fenestrene structure which
belongs to the class of benzenoid systems. Acenes are benzene
rings fused linearly. We denote the structure of fenestrene by
Fln,m], where m and n denoted the number of hexagons in
each row and column respectively. The molecular structure
of fenestrene is depicted in Fig. 8. The structure of Fln,m]
has 8(m + n) vertices. For n = 1,2 the graph of Fln,m| has
6mn+Tm+5n+1 edges and for n >3 it has
20m + 10n — 10 edges. Let ¢, ; denotes the edge set containing
the edges of Fln, m] with end vertices of degree / and j respec-
tively. The edge set of F[n, m] can be partitioned based on the
degree of end vertices as follows: ¢, ) containing 4m + 2 edge,
o, 3 containing 8m + 8n — 12 edges and g3, 3 containing
8m + 2n edges.

3.1. Main results

Theorem 4. Let H denotes the structure of fenestrene Fln,m].
Letm = 2 andn = 3, then eV-degree Zagreb and Randic index
of fenestrene are

(a) MY (H) = 552m + 272n — 268.

W RO = (e 2)m ()L

Proof 4. By using the edge partition given in Table 7, we can
compute the eV-degree Zagreb and Randic index as follows

(a) Ev-degree Zagreb index
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12 Table 7 Edges partitions for eV-degree of Fln,m].

¥ (P(w), ¥()) ¥, (¢) Frequency
10 &2, 2) 4 4m + 2

9 £, 3) 5 8m+8n — 12
8 (3, 3) 6 8m + 2n
)

6

5 (b) Ev-degree Randi¢ index

4 -1

X RY(H) = ) Wale)?,

g e€E(H)

RO(H) = (4) Hewa)| + (5) Hea| + (6) Hea|

= (%—F%—I—Z)m—f— (f+f)n—7+l

Theorem 5. Let H denotes the structure of fenestrene Fln,m|,
then

M?(H) = 712m + 340n — 316

Proof 5. The vertex partition of H based on ve degree is
depicted in Table 8. Using the definition of the topological
index we get

Mi“(H) = D Welv),

M(H) = (5)°(8m+4) + (6)(4n — 8) + (7)" (4n — 4)
(8)°(8m —4) + (9)°(4)
712m + 340n — 316.

J’_

) Theorem 6. Let H be a structure of fenestrene Fn,m] structure
Fig. 8 Fenestrene structure Fln,m|. andm > 2 andn > 3. then
=

(@  MP(H)=272m + 134n — 134.

()  ME(H) = 932m + 448n — 422.
Table 6 Numerical results of the indices for different values of

[, m, 1. © ABCV"(H):(%“?+@+\/14)m (Sj__w;)m
[2,m,[] — ABCY(H) GA™(H) H“(H) y“(H) R*(H) (4f 122 4T 20)T YTy 4L VIS 4y
(1,1,1] 3.7037 58707  —0.0073 2.1022  1.5158 VI TV TR TR Ve T
2,2,2] 11.3295  20.8352 22674  6.2322  3.7960 ve _ (zzm ) (mm @ (16_\/3_
3.3,3] 18.9554 357996  4.5421  10.3622  6.0762 @ GA™(H) = F12)m (555 5+ (5
[4,4,4] 26.5812  50.7641  6.8168  14.4921  8.3565 % 32\/— 42435 — w— +3f+16¢_ 8).
5.5,5] 342070 657285  9.0916  18.6221 10.6367

[6,6,6] 418328  80.6929 113663 227521 129169 (©  H*(H)=2Im+3n+355%

(7,7, 49.4586  95.6574  13.6410 26.8821 15.1971

8,8,8] 57.0844  110.6218 159158 31.0121 17.4773

9,9,9] 64.7102 1255863 18.1905 35.1421 19.7575

[10,10,10]  72.3360  140.5507 20.4652 39.2721 22.0377

Table 8 Vertex partition of Fln,m] based on ve degree.

Y (u) W, (u) Frequency
2 5 8m + 4
M (H) = Z WY, (e)’, 2 6 dn—8
e€E(H) 3 7 4n — 4
ev 2 2 3 8 8m—4
M(H) = (4)leea] + (5) || + (6)’]eca] X ) "

= 552m+272n — 268.
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Table 9 Edges Partition based on ve-degree of end vertices of
each edge of Fln,m].

Edge (We(u), Pre(v)) Frequency
Ef ., 5) 4m+2
E; (.7 12
E (5, 8) 8m — 8
E 6, 7) 42n - 5)
E5 (6, 8) 4
E (, 8) )
E (1, 9) 4
E; s, 8) 8m — 10
£y 8,9 8

Ve _ 4 8 8 2
(f) X (H)f(m+ﬁ+2)m+(ﬁ+ﬁ)n+
4 2 5,8

2 9 8 20

12 4 20 1

1 4 5, 4
et TvEta it

Proof 6. By using the edge partition given in Table 9, we can
compute the indices based on the ve degree of end vertices of
each edge as follows

(a) First Zagreb f-index
MP(H) = D (Pre(w) + P (),
uve E(H)
(10)[E}| + (12)| B3] + (13)|E5] + (13)| £
+ (14)|Es| + (15)|E¢| + (16)] 5]
+ (16)[Eg| + (17) | E5]
=272m + 134n — 134.

[ (1) =

(b) Second Zagreb f-index
Mgw(H) = Z (Wie(u) x Wi (v),
uveE(H)
(23)[E([ + (35)|E3| + (40)|E5| + (42) | E]
+ (48)| Es| + (56)| E4| + (63)] 5|
+ (64) | Ex| + (72) | E5]
= 932m + 448n — 422.

ML (1) =

(¢) Atom-bond connectivity index

ABC(H) = 3 [Tt ABC () = (/31
uveE(H)

(VB (V)51 + (Vi)iE+ (E)E+ (VE)
El+ (VE)IEl+ (Va)E -+ (/5)15
= (42 + 5T+ Vid)m + (ST + )

+<%§+12I7£7M7£+4\f‘+4f 4)

ViV V& o v Ve Tava o 5)

(d) Geometric-arithmetic index

o @XPu0) e (2V25
o= 3 Seren < m= (5

+<ZW>\E*\ <2W>\E*| <2f>m| <2f>\ |
+<2r>\fgw <2r>\ﬁ*l+<2r>\ﬁ*l <2r> 5|

= (—32m+ ]2>m+ (—161\25-&-—8\1/51_4)11

<167f740\/"732\/_ ﬁ7£ 37 16\/_78)

7 13 2Jr 17

(e) Harmonic index

3w (5)i+(5) e
*(%)“%(%)lE;\+(§)|E;|+(%)\E;\+( )iE+ ()

=197, 52, 42991
17 o =65 " T 45" T o1400°

(f) Sum-connectivity index

2H) = 37 (W) + Woe () 2 (H) = (10) 2|

uveE(H)

H*(H) =

+(12) |+ (13) F B[+ (13) F| B+ (14) B+ (19) I
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(g) Randi¢ index
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1 _1 _1
+(63) 15| + (64) | Ex| + (72) | Es
= (4 )m+ (Fg+ o)

TG B Bt st i)

Figs. 9-14 and Numerical computations depicted in Tables
10 and 11 shows that an increase in the value of n and m
increases the value of these topological indices. Zhong et al.
(2021) examined that the first eV-degree Zagreb index (M)
predict the molecular weight better than eV-degree Randic
index (R'). The first ve-degree Zagreb beta index (M%™) pre-
dicts the molecular weight and Topological Polar Surface bet-
ter than other ve-degree of end vertices based indices. Overall,
M is the best predictor of the molecular weight and Topo-
logical Polar Surface in all ve- and eV-degree based indices.
Stileyman (2017) examines that the M} can be helpful to pre-
dicts the physical property Acentric Factor. Also, the second
Zagreb beta index predicts the entropy and the Randic index
predicts the Enthalpy of vaporization and Standard enthalpy
of vaporization, respectively. Hence, the above results are
helpful to measure the physical properties of fenestrene.
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Fig. 9  Plots of the indices, (a) M* and (b) R”.

4. Numerical results and discussions

There are numerous applications of experimental research in
chem-informatics and biomedicine, where different graph
topological evaluations are utilized to handle many complex
schemes. In the book “Methods of Chemometrics”, Xu and
Shao (2004) incorporated the QSAR/QSPR applications sys-
tematically. We have calculated the numerical results based
on the topological indices of starphene St[n,m,/] and fen-
estrene F[n,m]. Graphs and tables assist visualize the physical
meaning of computed indices. The results are shown in the
Tables 5 and 6 for the molecular structure of starphene
St[n,m,[] and in Tables 10 and 11 for the molecular structure
of fenestrene F[n,m]. It can been seen from Figs. 2,3.4,5,6,7,9
,10,11,12,13,14 that all the computed topological indices
increase with the increase in the values of m,n, and [ respec-
tively. Rauf et al. (2021) developed the QSPR between ve
Fig. 10 Plot of M{™. and eV-degree based indices and physical properties of ben-
zene derivatives. They examined that enthalpy, boiling point,

ave

M

Fig. 11  plots of the indices (a) M and (b) M£™.
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Fig. 13  Plots of the indices (a) H™ and (b) ™.

Fig. 14  Plot of the indices R™.

molecular weight and 7m-electron energy can be predicted by
R™,ABC", " and R, respectively. Hence, the computed
results can be helpful to predict certain physical/chemical
properties of the considered structures.

5. Special case for calculations in starphene molecular structure:
Application of maple algorithm

We can compute the degree matrix, eV-degree and ve-degree
for the given graph through Maple software. Consider the
molecular graph of starphene with n = 3,m = 3 and / = 3 hav-
ing 30 vertices and 36 edges. First we get an adjacency matrix
M of a graph whose size is 30-by-30. The resultant adjacency
matrix M is obtained by using newGraph software whose cal-
culation procedure is given in Hayat and Khan (2021).

Now, from the adjacency matrix we calculated ve-degree
and eV-degree of vertices using Maple software. For the degree
of vertices, we add the row entries of M. After adding the row
entries we get a matrix MT of order 30-by-1.

MI =[2,2,2,3,2,3,3,2,3,2,2,2,2,3,2,3,3,2,3,2,2,2,
2,3,2,3,3,2,3,2].

The above matrix gives the degree of vertices accord-
ing to vertices labelled in Fig. 15. For ve-degree of ver-
tices, we will multiply the adjacency matrix M and ML
We get the required column matrix KI for ve-degree of
vertices.
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Table 10 Numerical results of the indices for different values

of [n,m].
mom]  MU(H)  RO(H) MPCH) MPemy M)
(1,1] 556 14.2379 736 272 958
2,2] 1380 27.4758 1788 678 2338
3,3 2204 40.7137 2840 1084 3718
[4,4] 3028 53.9516 3892 1490 5098
5,5] 3852 67.1895 4944 1896 6478
[6,6] 4676 80.4274 5996 2302 7858
(7,7 5500 93.6653 7048 2708 9238
8,8] 6324 106.9032 8100 3114 10618
9,9] 7148 120.1411 9152 3520 11998
[10,10] 7972 133.3790 10204 3926 13378
Table 11 Numerical results of the indices for different values
of [n, m].
[n,m]  ABC*(H) GA“(H) H<YH) y“(H) R*(H)
[1,1] 12.1459 19.7815 6.1934 7.2746 4.0880
2,2] 27.4033 49.5374 10.3797 15.4936 8.9708
3,3] 42.6607 79.2933 14.5660 23.7125 13.8536
[4,4] 57.9181 109.0492  18.7523  31.9314 18.7364
[5,9] 73.1755 138.8051 22.9387  40.1503 23.6193
[6,6] 88.4329 168.5610  27.1250  48.3692  28.5021
[7,7] 103.6903 198.3170 31.3113 56.5881 33.3849
8,8] 118.9477 228.0729  35.4976  64.8070  38.2678
9,9] 134.2051 257.8288 39.6840 73.0259  43.1506
[10,10] 149.4624 287.5847  43.8703  81.2448  48.0334

Fig. 15

Starphene structure for n =3,m =3 and / = 3.

KI= [4,4,5,7,6,8,8,6,7,5 4,4,5,7,6,8,8,6,7,
5,4,4,5 7,6, 8, 8, 6,7, 5] Let i and j denotes the rows
and columns of adjacency matrix. For eV-degree we will
multiply the (i,j)th entry of the adjacency matrix with the
sum of MI(M), and MI(M), We get a matrix (namely
N) of order 30-by-30. Finally we consider the upper trian-
gular matrix and use the commands to compute each topo-
logical index. The values of the computed indices are
presented below

Ml\( ) 8
MT“(G) = 1140.
MP(G) = 450.
MI(G) = 1449.
ABC*(G) = 3 + 4518 VA& 4 36 4 3v35 4 643
GA™(G) = 12+ %3 4 /35 4 122 4 245
H™(G) =322.

1(G) =3
1\/_+ \/ |;4.RV()(G) — ]7+

!ﬂ

_|_\/_— £+

-
ﬁlﬂ

=

Similarly, we can calculate all the above indices through an
adjacency matrix for fenestrene. Our results can be verified
of fenestrene for case m > 2 and n > 3.

6. Conclusion

In this paper, we assessed the eV and ve degree indices and their graph-
ical representations for the molecular structures of starphene St[n, m, /]
and fenestrene F[n,m]. These indices may be helpful to predict the
physicochemical characteristics of starphene and fenestrene
(Siilleyman, 2017; Rauf et al., 2021). Moreover, a special case for star-
phene is presented in Section 6 by using software (Maple) to calculate
the eV and ve-degree based topological indices. All the results obtained
here can be verified by using our proposed algorithm.
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