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ABSTRACT In recent past 2D metal trihalides have evolved as useful gapless semiconductor due to their
physical properties like low dimensional magnetism and thermo electric performance. Such highly appre-
ciable physical properties of these material are because enormous natural properties like half-metallicity,
polarization, spin-orbit coupling impacts, layered structure and low cost. Layered formation of these
materials provides an opportunity for the field of mathematical chemistry for identification of patterns and
computation of mathematical properties. This article is dedicated to compute vertex-edge-degree based
topological characterization of 2D trihalides. General mathematical expressions of several vertex-edge-
degree based topological indices are presented in terms of research outcomes so they can be effectively

used in future industrial projects.

INDEX TERMS Degree, topological descriptors, metal trihalides network.

I. INTRODUCTION

Recently, 2D graphene materials have gotten impressive con-
sideration inferable from their novel electrical, thermal and
mechanical properties [1]-[3]. Animated by such scans for
novel 2D materials, a few investigation have been done on
other two dimensional novel materials with surprising electri-
cal, attractive and topological properties, for example, hexag-
onal boron nitride, progress metal dichalcogenides, transition
metal and heavy main fundamental gathering trihalides with
uncommon Dirac half-metallicity, novel topological spin-
tronic properties emerging from enormous spin-orbit cou-
pling of heavy particles and inalienable charge [4]-[11].
Also these 2D materials find different applications in various
regions for example, optoelectronics, spintronics, room tem-
perature radiation finders, chemical and biological sensors,
supercapacitors, etc., [12]-[17] attributable to their wide band
holes, stoping force, strange attractive properties emerging
from open-shell d orbitals and spinorbit coupling all of which
add to their novel properties and upgraded usefulness [4].
Dissimilar to the restrictions of 2D graphene for example,
inadmissible band holes and too enormous a gap in boron
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nitride [18] the heavier progress metal and bismuth halides
with layered structures show wanted band holes, attractive
properties and Curie temperatures that are appropriate for a
few down to earth applications.

A portion of the ferromagnetic 2D materials with huge
surface territory are promising contender for treating harmful
tumors through magnetically coordinated medication con-
veyance joined with hyperthermia as close to infrared light
has penchant to destroy the tumor cells without causing
critical obtrusive reactions. Consequently such procedures
are more preferred contrasted with the regular strategies
like medical procedure and chemotherapy inferable from
their harmful reactions. It has been seen that chromium tri-
halides CrX3 are perfect applicants due to their biocompatible
nature [9]. Bismuth triiodide (Bil3) is another less poisonous
heavy metal halide which is utilized for room temperature
y-ray discovery on account of its higher Curie temperature
and appropriate band hole [19] and these materials too dis-
cover possible applications in photonics and photovoltaic
sunlight based cells [16], [20]. Recently theoretical exami-
nations have highlighted its featured as a 2D material with
promising optoelectronic properties [15], [20].

Chemical graph theory manages the investigation of
topological properties of atoms/molecules wherein we first
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proselyte the structure of the molecules into a diagram
and then assess its topological descriptors. A few inves-
tigations have uncovered structure property relations of
molecules and materials, that is physico-chemical properties
are personally identified with the fundamental topologi-
cal characteristic of molecules structures [21], [22]. In this
way, scientific relations that give topological descriptors of
molecules and 2D materials can anticipate their physico-
chemical properties, and in this manner such structure-
property relations discover various applications in a few area,
for example, anticipate toxicology and PC helped tranquilize
revelation [23]-[25].

Topological descriptors which are obtained from the basic
network of the 2D materials can give significant relation-
ships to properties of these materials through quantita-
tive structure activity, property and toxicity relationships
(QSAR/QSPR/QSTR) obtained from the topological system
of these materials [26]—[28]. For instance, polarizability and
magnetic properties of these materials associate with the
topological molecular structure descriptors. In the previ-
ous decades, a few investigations were coordinated towards
the progress of topological descriptors due to their signifi-
cance [30]-[34]. In any case, the majority of these investi-
gations do exclude loads to bonds and vertices as the basic
topology is treated inside basic graph theory that doesn’t
modify among bonds and heteroatoms.

Almost after 44 years, this methodology was returned to
in Ref. [35] wherein a basic formula model is proposed
instilling the compound qualities of atoms and bonds in the
molecular diagram by associating every vertex and edge with
certain weights that are obtained by any atomic or bond
property counts along these lines redesigning the chemical
diagram theoretical model of the molecule. Therefore, this
basic formula-based weighted molecular diagram [35] gives a
superior model to break down the characteristics of molecule,
as it consolidates the chemical data in regards to the sort of
atoms and the idea of the bond alongside the topology of
the given molecular structure. In the current investigation as
we are dealing 2D metal halides, we propose a novel way
to deal with characterizing their properties through ve-degree
topological descriptors.

Zhong and Ediz [36], [37] defined Harmonic index and
most of work is done by using classical degree concept.
Recently, Chellali ef al. [38] introduced new degree concepts
namely, “ve-degree and ev-degree”. The relation between
“classical degree-based” and “‘ve-degree and ev-degree” can
be seen in [39]-[42] and found that ““ve-degree Zagreb index”’
has stronger result and the ““classical Zagreb index”.

Il. ve-DEGREE TOPOLOGICAL DESCRIPTORS
Let G be a simple connected graph with vertex sets V(G) and

edge sets E(G). The degree of a vertex x1, denoted by &(x1),
is the number of edges that are incident to the x;. The open
neighborhood of x; is defined as N(x;) = {x» € V(G) :
x1x2 € E(G)} and closed neighborhood N[x1] = N(x1)U{x1}
[38]. The ve-degree, denoted by &,.(x1), of any vertex x; € V
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FIGURE 1. The metal trihalides MX5 (a) Unit cell of MX5 (b) monolayer of
MX;.

is the number of different edges that are incident to any vertex
from the N[x]. For details see [37]-[41].

We define general ve-degree topological invariant T(G) as
follows:

T(G) = Z Y (Eve(x1), &ve(x2))- ey

x1x2€E(G)

o I Y1), §re(x2)) = (relx1) + &ve(x2))*, then T(G)
represents the first ve-degree Zagreb § index (M év (G)
and ve-degree sum-connectivity index (),.(G)) for A =
land A = —%, respectively.

o I Y Eren), Ere2)) = (Erelx1) X re(x2))?, then T(G)
represents the second ve-degree Zagreb index (Mvze(G))
and ve-degree Randic index (Ry.(G)) for@ = 1 and 6 =
- % , respectively.

1
Similarly. i ¥ (6ur1). fui2)) = (Slsbp2)?,
2(Eve(x1) X Epe(x2)) 2 2 .
gve&ll)‘i‘sve();zz) ’ §ve§xl)+éve(x2) » we Obtalne(_i vei-degre'e
atom-bond connectivity (ABC,.(G)), geometric-arithmetic
(GA,(G)), harmonic (H,.(G)) descriptors, respectively.

Ill. STRUCTURES OF METAL TRIHALIDES
In this section, we discuss metal trihalides and derive their
explanatory general expressions to determine the ve-degree
topological descriptors. The unit cell of metal trihalides is
depicted in Figure 1(a) where every M atom bonded to six
X atoms to shape an octahedral coordination and the mono-
layers of trihalide structures are appeared in Figure 1(b).
Stacking such monolayers on head of one another struc-
tures the mass material and different stacking polytypes,
for example, thombohedral and monoclinic likewise exist.
We discuss the paralellogram, hexagonal and triangular stack-
ing of metal trihalides [43], [44] as shown in Figures 2—4.

IV. MAIN RESULTS

In this section, we determined the first ve-degree Zagreb
B index, second ve-degree Zagreb B index, ve-degree
atom-bond connectivity (ABC,,) index, ve-degree geometric-
arithmetic (GA,,) index, ve-degree Randic index, ve-degree
sum-connectivity (xy.) index and ve-degree harmonic (Hy.)
for metal trihalides. We give a general result for each metal
trihalides, which are used to obtained any ve-degree topo-
logical descriptors. Vetrik [45] introduced a new method to
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FIGURE 4. The triangular shaped metal trihalides TMX5.

calculate the topological indices and also in [46], we follow
the same technique in this paper.

A. PARALELLOGRAM SHAPED METAL TRIHALIDES
We presents a formula, which can be used to obtain any
ve-degree topological descriptors for paralellogram shaped
metal trihalides PMX3.

Lemma 1: Let PMX3 be a paralellogram shaped metal
trihalides. Then

T(PMX3)
= 120w (12, 12)+4 (¥(6, 10)+2v(10, 12)) (I+w)
+ 4 ((6, 10) + 2410, 12) — 3yr(12, 12)) .

Proof: The graph PMX3 contains 8w + 10/ + 10w + 2
vertices and 12lw+12]4-12w edges. The each vertex of PMX3
has ve-degree 6, 10 or 12, can be partitioned according to their
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degrees and ve-degrees. Let
Vi, = {x1 € V(PMX3) : d(x1) = j, &(x1) = i}.

It means that the set V];ei contains the vertices of degree j with
ve-degree i. The set of vertices with respect to their degrees
and ve-degrees are as follows:

Vi = {1 € V(PMX3) : d(x1) = 1, §(x1) = 6}
V2 = {x1 € V(PMX3) : d(x)) = 2,£(x)) = 12}

vels
VS, = {x1 € V(PMX3) : d(x1) = 6, £(x1) = 10}
VS, = {x1 € V(PMX3) : d(x1) = 6, &(x)) = 12}
Since, |V}, | = 4l + 4w + 4, |V, || = 6lw + 4l + 4w —
2, Ve | = 21 + 2w+ 2and |V® | = 12lw — 2. Let us

veo vei2
partitioned the edges of PMX3 according to its degrees and

ve-degrees. Let
BN, = trix € E(PMX3) 1 d(x) = 1,d(x) = 6,
x§(x1) = 6,§(x2) = 10}

X0 |, = lxix € E(PMX3) : d(xy) = 2, d(x2) = 6,
x £(x1) = 10, £(x2) = 12)
B0, , = brxy € B(PMXs) : d(x1) = 2, d(xp) = 6,
x () = 12, 6(x) = 12)
Note that E(PMX3) = E‘ljég’m U E%ﬁw U aggw and
T(PMX3) = Y YE@). £(x2)
x1xeE(PMX3)
= Y yE 10+ Y 0,12)

—=2,6
xleE‘:“’elo,lz

+ > Y(2,12)
xlxzeagflz_lz
= (4l +4w+4)Y (6, 10)+(81+8w—+8)¥ (10, 12)
+ (120w — 12)%(12, 12).

—~1,6
X102 € Sveg 10

After simplification, we get
T(PMX3)
= 12wy (12, 12) + 4 (¥ (6, 10) + 2¢(10, 12)) (I + w)
+4 (y(6, 10) + 2¢(10, 12) — 3¢yr(12, 12)) .

Theorem 1: Let PMX3 be a paralellogram shaped metal
trihalides. Then the first ve-degree Zagreb B index:

M}, (PMX3) = 288 1w + 2401 + 240w — 48
the second ve-degree Zagreb index:

M2,(PMX3) = 1728 Iw 4 1200 + 1200 w — 528

the ve-degree Randic index:

«/Eg@)(ﬂrw)

24/ 15 +24/30 — 15
+ 15

Rye(PMX3) = lw + 4 (
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the ve-degree atom-bond connectivity index:

V210 4+ 10/6
ABC,o(PMX3) = V22 Iw + 4 (%—) (I +w)

N 24210 + 2046 — 154/22

15
the ve-degree geometric-arithmetic index:
V15 4y
GAve(PMX:’,) =12lw+4 <T + T) (l + W)

+v15+ﬁv30—12

the ve-degree harmonic index:

(PMX3) = bw + = l+27 +5
Hue(PMX3) = bw 2" " n
the ve-degree sum-connect1v1ty 1ndex:
1 /22
Yve(PMX3) = Iw~/6 + 4 (Z T )(l+w)
44/
cie 2

Proof: For M éve(PMX3) which is the first ve-degree
Zagreb B index of PMXs, we have ¥ (€.(x1), &e(x2)) =
Eve(x1) + Epe(x2), therefore (12, 12) = 24, ¥(6, 10) = 16
and ¥ (10, 12) = 22. Thus by Lemma 1,

M, (PMX5)

= 12lw24)+4 (16 +44) (I +w) +4 (16 + 44 — 72)

= 288w+ 2401 + 240w — 48.

For M2 - (PMX3) which is the second ve-degree Zagreb
index of PMXS’ we have Y (&e(x1), ve(x2)) = &e(x1) X
&e(x2), therefore ¥ (12,12) = 144, ¥ (6,10) = 60 and
¥ (10, 12) = 120. Thus by Lemma 1,

M}, (PMX3)
= 12lw(144) + 4 (60 + 240) (I + w) + 4 (60 + 240 — 432)
= 1728w + 12007 + 1200 w — 528.

For R,.(PMX3) which is the ve-degree Randic index of

PMXs, we have ¥ (£,e(x)), £re(x2)) = (Eue(x1) X Ee(x2)) 2
therefore (12, 12) = 75, (6, 10) = \/Lﬁfo and (10, 12) =

1
NI Thus by Lemma 1,
ve(PMX3)

= 12lw(— )+4< !

2
&t 7m)
1 2 3
+4<ﬁ+ﬁ‘ﬁ)
(JB+«/%>
30

(I+w)

=w+4 (+w)

2315 + 24/30 —
+ 15
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For ABC,.(PMX3) which is the ve-degree atom-bond con-
nectivity index of PMX3, we have ¥ (&,0(x1), &pe(x2)) =

(Sgobeta 2} therefore ¥(12,12) = |/,

Eve(x1) X Eve(x2)
%. Thus by Lemma 1,

v (6,10) = \/% and ¥ (10, 12) =
ABCVE(PMX3)

= 12Iw,/ 4 \/> 2 — 20}
= 12Iw 144+ + 20 (+w)
4 \/E 2 & 3 £
+ 60 T V120 Viaa
VT (_HW@) @+

30
2«/21 0+ 206 — 15422
15 :

For GA,.(PMX3) which is the ve-degree geometric-
arithmetic index of PMX3, we have ¥ (&,.(x1), &(x2)) =

—2@%2(&31?2(&3)2 therefore (12, 12) = 1, ¥/(6, 10) = 2¥&0

and (10, 12) = 24120 Thus by Lemma 1,
2760 24120
GA,(PMX3) = 120w + 4 —+2 5w
Y EXCIRENE
16 | 22

= 120w +4 (g+£> (L +w)

16
+\/15+ﬁ\/30—12.

For H,.(PMX3) which is the ve-degree harmonic index of
PMX5, we have W (&yelx), Eve(xz)) m therefore

¥(12,12) = 12, Y6, 10) = 3 L and ¥(10,12) = ” Thus by
Lemma 1,

1 1 2
Hyo(PMX3) = 12w + 4 (8 ﬁ> (I +w)

i 1+2 3
8§ 11 12

_ 27 / 27 5

vERI TRty
For x,.(PMX3) which is the ve-degree sum-connectivity
index of PMX3, we have Y (&,.(x1),&.(x2)) =

(sve(x1)+gw(x2))—%, therefore 1/;(12 ) = L

¥(6,10) = and (10, 12) = Thus by Lemma 1,
1 1
Xoe(PMX3) = 120w—— */T ( 7 J_> I +w)
+4
(J_ N J_
= w6 +4 (——i-\i—z—) (I+w+1

4J_ _
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B. HEXAGONAL SHAPED METAL TRIHALIDES
We presents a formula, which can be used to obtain any
ve-degree topological descriptors for hexagonal shaped metal
trihalides HMX3.

Lemma 2: Let HMX3 be a hexagonal shaped metal tri-
halides. Then

T(HMX3) = 36m*y(12, 12)
+12m (¥ (6, 10) — 3y(12, 12) + 2v(10, 12)) .

Proof: The graph HMX3 contains 24m> + 6m vertices
and 36m? edges. The each vertex of HMX3 has ve-degree 6,
10 or 12, can be partitioned according to their degrees and
ve-degrees. Let

V], = {u € VHMX3) : d(xp) = j, §(xp) = i).

It means that the set Vj;ei contains the vertices of degree j with
ve-degree i. The set of vertices with respect to their degrees
and ve-degrees are as follows:

V= tx € VIHMX3) 1 d(xp) = 1, £(x)) = 6)
V2 = {x; € VEHMX3) : d(x]) = 2, £E(x}) = 12}

veln

Ve = {x; € VIHMX3) : d(x1) = 6, £(x) = 10}

velo

Ve = {x; € VIHMX3) : d(x1) = 6, £(x1) = 12}

veln

Since, |V}, | = 12m, |VZ, | = 18m* — 6m, |V, | = 6m
and [V

ve, | = 6m>—6m. Let us partitioned the edges of HMX3
according to its degrees and ve-degrees. Let

ELe = luix € B(HMX3) : d(x) = 1,d(x) =6,
X E(x1) = 6, £(x2) = 10}

B30 = {xix € E(HMX3) : d(x)) = 2,d(x2) = 6,
S xE) = 10,E(x) = 12)
E%g?m = {xixy € E(HMX3) : d(x1) = 2, d(x2) = 12,
x §(x1) = 12, §(xp) = 12}
Note that E(HMX;) = &;° U ENC U ERS & and
BNl ol = 12m, |E50 | =24m, |ELS, || = 36m* — 36m.
Hence,
T(HMX3) = Z Y(§(x1), E(x2))
x1x2€E(HMX3)
= Y Y6100+ Y y(10,12)

=2.6
.X]X2El:‘4vglo’12

+ ) w21
xleEE%éﬁlz,lz
= (12m)y(6, 10) + (24m)yr(10, 12)
+(36m* — 36m)y (12, 12).

~1,6
xlxzec‘v%,lo

After simplification, we get

T(HMX3) = 36m>y(12, 12)
+ 12m(¥ (6, 10) — 3y (12, 12) 4+ 2¢(10, 12)).
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Theorem 2: Let HMX3 be a hexagonal shaped metal tri-
halides. Then the first ve-degree Zagreb § index:

M, (HMX3) = 864 m* — 144m
the second ve-degree Zagreb index:
MZL(HMX3) = 5184 m* — 1584 m

the ve-degree Randic index:

15+/30 1
Rve(HMX3)=3m2+12m<% 4)

the ve-degree atom-bond connectivity index:

V210+10/6 m)
30 4

ABC,o(HMX3)=3~22m*+12m (

the ve-degree geometric-arithmetic index:

V15 4430
GAy(HMX3) = 36 m% + 12m (T +— 7 3)

the ve-degree harmonic index:

15
H,o(HMX3) = 3m” + 2

the ve-degree sum-connectivity index:

1-v6 @)

+_

e (HMX3) = 3vV6m> + 12m ( ; T

Proof: For Méve(HMX3) which is the first ve-degree
Zagreb B index of HMX3, we have Y (&,e(x1), &ve(x2)) =
Eve(x1) + Epe(x2), therefore ¥ (12, 12) = 24, ¥(6, 10) = 16
and ¥ (10, 12) = 22. Thus by Lemma 1,

M, (HMX3) = 36m*(24) + 12m (16 — 3(24) + 2(22))
= 864 m? — 144 m.

For MV2 (HMX3) which is the second ve-degree Zagreb index

e

of HMX3, we have ¥/ (§ye(x1), &ve(x2)) = &ve(x1) X &pe(x2),
therefore (12, 12) = 144, (6, 10) = 60 and (10, 12) =
120. Thus by Lemma 1,

M2 (HMX3) = 36m>(144) + 12m (60 — 3(144) + 2(120))
= 5184m> — 1584 m.

For R,.(HMX3) which is the ve-degree Randic index of

HMX3, we have ¥ (§,0(x1), &ve(x2)) = (&yex1) X Eve(XZ))_% s

therefore (12, 12) = 75, %(6, 10) = \%O and ¥ (10, 12) =
1

——=. Thus by Lemma 1,

V120
Rye(HMX3) 36m2— + 12 : 31+21
= 36m°~— m|——3— —
v 12 J60 12 T /120
VI5+4/30 1
=3m2+12m<+*/_—z>.

For ABC,.(HMX3) which is the ve-degree atom-bond con-
nectivity index of HMX3, we have ¥ (§,.(x1), £e(x2)) =

1
(—gV”(xl)JrE”“(xz)*Z)z , therefore ¥(12,12) = /2,

Eve(x1) X Epe(x2)
VOLUME 9, 2021
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¥(6,10)0 = /& and ¥(10,12) = /A% Thus by
Lemma 1,
ABC,.(HMX3)

, [22 14 22 20
=36m> — + 12m |/ — — 3,/ — + 2,/ —
144 60 144 120

V210 + 106 /22
:3\/22m2+12m< ;:) ‘/_— 7 )

For GA,.(HMX3) which is the ve-degree geometric-
arithmetic index of HMX3, we have W (&,0(x1), Eve(x2)) =

% therefore ¥(12, 12) = 1, (6, 10) = 2/&
2v12

and ¥ (10, 12) = . Thus by Lemma 1,

2./60 2«/@)

Ave(HMX3) = 36m* + 12m | ——— —3 42
Gve( 3) m-~ + m< 16 + b%)

¢B4J—>

=36m2+12m<—+——3

4 11

For H,.(HMX3) which is the ve-degree harmonic index of
HMX3, we have VU (Ee(x1), Eve(xz)) m therefore

¥(12,12) = 12, ¥ (6,10) = ¢ L and ¥(10, 12) = 11 Thus by
Lemma 1,

5 1 1 1 1
HMX3) = 36m~— + 12 - —3—=42—
vc( 3) m 12+ m(g 12+ 11)
15

_3 -
m +22m

For x,.(HMX3) which is the ve-degree sum-connectivity

index of HMX3,1 we have Y(&,(x1), Ee(x2)) =
(Eve(X1)+Eve(xz))”, therefore 1#(12 12) = \/%7,
¥(6,10) = and ¥(10, 12) = Thus by Lemma 1,

ﬁl

1 1 1 1
So(HMX3) = 36m> —— + 12
el HMX) = 36m’ 72 ’"(f 54275
f+¢
4 1)

= 3\/6m2+12m(

V. TRIANGULAR SHAPED METAL TRIHALIDES
We presents a formula, which can be used to obtain any
ve-degree topological descriptors for triangular shaped metal
trihalides TMX3.

Lemma 3: Let TMX3 be a triangular shaped metal tri-
halides. Then

T(TMX3)
= 6m* Y (12, 12)4+6m (¥(6, 10)+2y(10, 12)+ (12, 12))
+6 (¥ (6, 10) + 2 (10, 12) — 24(12, 12)) .
Proof: The graph TMX3 contains 4m” 4+ 19m +7 vertices
and 6m?> 4 24m + 6 edges. The each vertex of TMX3 has

ve-degree 6, 10 or 12, can be partitioned according to their
degrees and ve-degrees. Let

WV, = {x1 € V(TMX3) : d(x1) = j, E(x1) = i}.

VOLUME 9, 2021

It means that the set V];ei contains the vertices of degree j with
ve-degree i. The set of vertices with respect to their degrees
and ve-degrees are as follows:

= {x1 € V(TMX3) : d(x1) = 1, §(x1) = 6}

ve6

V2, = {1 € V(TMX3) : d(x1) = 2, £(x)) = 12)

Vvem {x1 € V(TMX3) : d(x1) = 6, £(x1) = 10}

VS, = {x1 € V(IMX3) : d(x1) = 6, £(x1) = 12}
Since, [V!, = 6m+6 |Vvelz| = 3m® + 9m, |VW10| =
3m+3and |V | = m? +m—2. Let us partitioned the edges

vela

of TMX3 according to its degrees and ve-degrees. Let
BN, = lxix € B(TMX3) 1 d(x)) = 1,d(xp) = 6,
X &(x1) = 6,&(x2) = 10}
Bty p = brix2 € E(TMX3) 1 d(x1) = 2, d(x2) = 6,
x &(x1) =10, §(xp) = 12}

End = brixa € B(TMX3) < d(x1) = 2, d(xp) =
x§(x) =12, 6(x2) = 12}

Note6 that E(TMX3) = ;562 o "36?0 ; sﬁé?%n and
—~1 _ =2, _ =2 _
V8610| 6m + 6, | VE1012| = 12m + 12 | v€1212| -
6m? + 6m — 12. Hence,

T(TMX3) = Y $Em), Ex)

x1x2€E(TMX3)

= D, vE10+ Y
X1X2€Eié2_10 X1X2€E§é?0,12
+ > w212

—~2,6
x1x2€a\7612'12

= (6m 4 6)Y (6, 10) 4 (12m + 12)y(10, 12)
+ (6m® + 6m — 12)y(12, 12).

¥ (10, 12)

After simplification, we get

T(TMX3)
= 6m2yr(12, 12)+6m(yr (6, 10)+2v(10, 12)+y (12, 12))
+6((6, 10) + 247(10, 12) — 2¢r(12, 12)).

Theorem 3: Let TMX3 be a triangular shaped metal tri-
halides. Then the first ve-degree Zagreb § index:

My, (TMX3) = 144 m* + 504 m + 72
the second ve-degree Zagreb index:
MZ(TMX3) = 864 m* + 2664 m + 72

the ve-degree Randic index:

1 V15 4+ 4/30
Rve(TMX3)=§m2+6m( 0 12)
15430 -5
+«/— V30

5

65335



IEEE Access

F. A. Abolaban et al.: Computation of Vertex-Edge Degree Based Topological Descriptors

the ve-degree atom-bond connectivity index:

\/ v/210+10 22
ABC,o(TMX3)= ~——m®> + 6m + ‘/—
30 12
+ 2006V
the ve-degree geometric-arithmetic index:
V1 44/30
GAo(TMX3) = 6m*> 4+ 6m (T +— T+ )
3J15  244/30
+—+ —12
2 11
the ve-degree harmonic index:
1 103 37
H,o(TMX3) = _m + Hm—i‘ 22

the ve-degree sum-connectivity index:

V22 /6
m? +6m <4+11+ )

Xve(TMX3) = 2

+% 6‘/_\/6

Proof: For My s, o(TMX3) which is the first ve-degree
Zagreb B index of TMX3, we have V¥ (&pe(x1), Eve(x2)) =
Eve(x1) + &pe(x2), therefore (12, 12) = 24, ¥ (6, 10) = 16
and ¥ (10, 12) = 22. Thus by Lemma 1,

M, (HMX53)

= 6m>(24)+6m (16+2(22)+24)+6 (16+2(22) —2(24))

= 144 m? + 504 m + 72.

For M 2 ,(TMX3) which is the second ve-degree Zagreb
index of TMXs, we have ¥ (re(x1), §ve(x2)) = &ielx1) x
&e(x2), therefore y(12,12) = 144, ¢¥(6,10) = 60 and
¥ (10, 12) = 120. Thus by Lemma 1,

M2(TMX3) = 6m*(144)+6m (60 4 2(120)4144)

+ 6 (60 + 2(120) — 2(144))
= 864 m* 4 2664 m + 72.

For R,.(TMX3) which is the ve-degree Randic index of

TMX3, we have ¥/ (&,0(x1), &ve(x2)) = (§re(x1) X Sve(xZ))_% s
therefore (12, 12) = 75, %(6, 10) = \/;(To and ¥ (10, 12) =

1
T Thus by Lemma 1,

1 2 1
TMX3) = 6m o +om +—
VL( 3) <\/— \/m 12)
+6( 1 n 2 2)
V6o 120 12
1 V15
L iem +«/_
2 3 T2
VI5+4/30-5
e
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TABLE 1. Numerical representation of ve-degree results for PMXj.

[m,n] M}, Mg, ABCye  Rue GAve Hye Xve

2,2] 20640 111840 40062 92335 95199 9.1364 20.876
3,3] 3984.0 222240 73910 16727 178.88 16591  38.535
[4,4] 6480.0 367200  117.14 26221 286.56 26.045 61.092
[5,5] 95520 546720 16975 37713 41824 37500 88550
6,6] 132000 76080.0 23174 51207 57392 50955  120.90
[7,7] 174240 1009400 303.11 66700 753.60 66.409 158.16
8,8] 222240 1292600 383.87  84.194 95727 83.864 20032
[9,9] 27600.0 1610400 47399  103.69 11850 10332 247.37
[10,10] 335520 1962700 573.51  125.18 14366 12477 299.32

For ABC,.(TMX3) which is the ve-degree atom-bond con-
nectivity index of TMX3, we have ¥ (£e(x1), e(x2)) =
1

(—SV"(XIHS"“(XZ)*ZY , therefore ¥(12,12) = [ 2.

Epe(x1) xEve(x2)
%. Thus by Lemma 1,

¥ (6, 10)
ABC,.(TMX3)

— 6m? £+6m E+2 &.,. 2

- V 144 Voo " V120 'V 144
e /14+2/20 2/22
60 120 144

VB <ﬁ+10«/_ f)

= \/% and (10, 12) =

2 30 12

IR LN 3

For GA,.(TMX3) which is the ve-degree geometric-
arithmetic index of TMX3, we have W (&,e(x1), Eve(x2)) =

M therefore (12, 12) = 1, ¥/(6, 10) = 2¥&0

Eve(x1)+Eve(x2)
2\/ 12

and ¥ (10, 12) = . Thus by Lemma 1,

2 2120
GA,(TMX3) = 6m> + 6m ( V60 +2 + 1)

16 22
2J_ «/_
+6 ( 16 22 )

:61112+6m<£ 4\/_ )

T
315 N 24 /30
2 11
For H,.(TMX3) which is the ve-degree harmonic index of
TMX3, we have ¥ (£,0(x1), Ee(x2)) = m therefore

¥(12,12) = 15, ¥(6, 10) = § and ¥(10, 12) = ;. Thus by
Lemma 1,

—12.

1 1 11
Hve(TMX3)=6m2—2+6m< +2o+ —)

8 12
+6< +2i—2i)
8 11 12
1 103 37
=mmt
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TABLE 2. Numerical representation of ve-degree results for HMX.

m M[lg,ue Mge ABClye Rye GAve Hye Xve

2. 3168 17568 59.331 13.480 143.04 13364 30.931
3 7344 41904 131.21 29.221 32256 29.045 68.441
4 13248 76608 231.23 50.960 574.08 50.727  120.65
5 20880 121680  359.39 78.700  897.60  78.409  187.55
6 30240 177120  515.71 112.44  1293.1 112.09  269.16
7 41328 242930  700.15 152.18 1760.6  151.77  365.46
8 54144 319100 912.74 197.92  2300.2 19745 476.46
9 68688 405650  1153.5 249.66  2911.7 249.14  602.14
10 84960 502560 1422.4 307.40 35952 306.82 742.53

TABLE 3. Numerical representation of ve-degree results for TMXj.

m M}, M2  ABCu Ry GAve  Huye Xve

2 1656 8856 32,7726 7.61013  77.2793  7.52273  17.0742
3 2880 15840 54.6411 124802  131.039  12.3636  28.4811
4 4392 24552 81.2001 18.3502  196.799  18.2045 42.3374
5 6192 34992 112.450 252203  274.559 25.0455  58.6434
6 8280 47160 148.389 33.0903 364.318 32.8864  77.3987
7 10656 61056 189.019 41.9604  466.078 41.7273  98.6035
8 13320 76680 234.341 51.8304 579.838  51.5682 122.258
9 16272 94032 284.351 62.7005  705.598  62.4091 148.362
10 19512 113112 339.053 745705  843.358  74.2500 176914

100000
90000
80000+
70000
60000
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40000
30000
20000

10000+

1 1
|— A E\_E(HMXS) —_ M

ot (i) |

FIGURE 5. The first ve-degree Zagreb « index for HMX5 and TMX5.

For x,.(TMX3) which is the ve-degree sum-connectivity
index of TMX3, we have Y(§.(x1),ée(x2)) =

(Eve(xl)‘f‘%'ve()(z))_%, therefore ¢(12 12) = ﬁ,

¥(6,10) = and ¥(10, 12) = T Thus by Lemma 1,
(TMX)—6m2L+6m< L 2 + ! >
Kl HHEAS V24 NN NG

+6(

VI. NUMERICAL RESULTS AND DISCUSSION

OF METAL TRIHALIDES

In this section we present numerical results related to
the ve-degree topological descriptors for metal trihalides.
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FIGURE 6. The second ve-degree Zagreb index for HMX3 and TMX5.
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FIGURE 7. The ve-degree Randic index for HMX5 and TMX5.
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FIGURE 8. The ve-degree atom-bond connectivity index for HMIX3 and
TMX;.

We have used different values of [, w and m to compute
numerical tables for the ve-degree indices such as the first
ve-degree Zagreb B index, the second ve-degree Zagreb
index, ve-degree Randic index, ve-degree atom-bond connec-
tivity (ABC,.) index, ve-degree geometric-arithmetic (GA,.)
index, ve-degree harmonic (H,,) index and ve-degree sum-
connectivity (xy.) for the metal trihalides, (see Tables 1 2, 3).
Moreover, we have drawn the graphical representation based
on the above numerical computation in Figures 5-11 for
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FIGURE 9. The ve-degree geometric-arithmetic index for HMX5 and TMX5.
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FIGURE 10. The ve-degree harmonic index for HMX3 and TMX5.

80000
700.00
60000
50000
40000
300.004
200.00

10000

100 2.00 300 400 500 600 7.00 §.00 900 10.00

[— () — 2.u(a;) |

FIGURE 11. The ve-degree sum-connectivity index for HVIX3 and TMX.

HMX3; & TMX3 to study the behavior of above computed
topological descriptors.

VIi. CONCLUSION

The study of graphs and networks through topological
descriptors is important to understand their underlying
topologies. Such investigations have a wide range of appli-
cations in cheminformatics, bioinformatics and biomedicine
fields, where various graph invariants based assessments are
used to deal with several challenging schemes. In the analysis
of the quantitative structure property relationships (QSPRs)
and the quantitative structure-activity relationships (QSARs),

65338

graph invariants are important tools to approximate and predi-
cate the properties of the biological and chemical compounds.
More preciously in this paper, we have computed results
ve-degree indices such as the first ve-degree Zagreb 8 index,
the second ve-degree Zagreb index, ve-degree Randic index,
ve-degree atom-bond connectivity (ABC,,) index, ve-degree
geometric-arithmetic (GA,,) index, ve-degree harmonic (H,,)
index and ve-degree sum-connectivity (xy.) for themetal tri-
halides. Also the graphical comparison between the ve-degree
indices for hexagonal and triangular shaped metal trihalides
are shown in Figures 5-11.
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