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ABSTRACT: In this paper, we propose the leap Euler Sombor Banhatti index and modified leap Euler Sombor
Banhatti index of a graph. Furthermore, we compute these newly defined indices and their corresponding
exponentials for some important nanostructures which appeared in nanoscience.
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I. INTRODUCTION

In Chemical Graph Theory, concerning the definition of the topological index on the molecular graph
and concerning chemical properties of drugs can be studied by the topological index calculation. Several degree
based indices of a graph have been appeared in the literature and have found some applications, especially in
QSPR/QSAR study, see [1, 2].

Let G be a finite, simple connected graph with vertex set V(G) and edge set £(G). The degree d(u) of a
vertex u is the number of edges incident to u. The number of edges in a shortest path connecting any two
vertices u and v of G is the distance between these two vertices u and v, and denoted by d(u,v). For a positive
integer k and v € V(G), the open neighborhood of v in G is defined as Ni(v/G) = {u € V(G) : d(u, v) = k}. The k-
distance degree of v in G is the number of & neighbors of v in G and denoted by di(v), see [3].

The leap Euler Sombor Banhatti index was introduced in [4] and it is defined as

LEU(G) = Y Jdy ) +d, (v +dy (w)d, ().

uveE(G)

In [4], the leap Euler Sombor Banhatti exponential of a graph G is defined as

LEU(Gx)= ¥ N 4,0+, (), ()
uweE(G)

The modified leap Euler Sombor Banhatti index was introduced in [4] and it is defined as

"LEU(G) = 1 :
uveE(G) \/dZ (u)2 + d2 (V)2 + d2 (M)d2 (V)

The modified leap Euler Sombor Banhatti exponential of a graph G was introduced in [4] and it is defined
as
1

"LEU(G.x)= V@ 6+, ), )
uveE(G)
Recently, some leap indices were studied in [5-13].

In this paper, we compute the leap Euler Sombor Banhatti index and modified leap Euler Sombor
Banhatti index and their corresponding exponentials of certain chemical structures.
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II. RESULTS FOR CHLOROQUINE

Chloroquine is an antiviral drug. This drug is medication primarily used to prevent and treat malaria. Let
G be the chemical structure of chloroquine. This structure has 21 atoms (vertices) and 23 bonds (edges).

I

~

~
cl N

Figure 1. Chemical structure of chloroquine
From Figure 1, we obtain that {(d2(«), d2(v) \ uv € E(G) } has 9 edge set partitions.

Table 1. Edge set partitions of chloroquine

dx(u), (V) \uv € E(G)  (1,2) (2,2) 2,3) 2.4 (3,3
Number of edges 2 2 8 1 2
(3,4) (3,9) (4.4) 4,5)
3 1 2 2

We calculate the leap Euler Sombor Banhatti index and its exponential of chloroquine as follows.

Theorem 1. Let G be the chemical structure of chloroquine. Then

) LEU(G) =47 +183 +819 +337 +24/61 +7.

(i1) LEU(G x) 2x + 2x2\/— + 8x\/—9 + lxz\/7 + 2x3\/— + 3x\/_7 +1x7 + 2x4‘/— + 2x\/—

Proof: We deduce
i) LEUG) = Y &, () +d,(v) +d,(u)d, ()

uveE(G)
SR 22 I 242422 + 27 +2x 2 + 822 432 +2x3 + 1822 + 4% + 2 x4 + 2432 +3% +3x3
133 +47 4354 + 1332 +52 +3x5+ 2447 + 47 + 4% 4 + 24> + 52 + 4x5.

By simplifying the above equation, we get the desired result.

() LEU(G,x)= V() 1) 0)
uveE(G)
:Zx\/12+22+1x2 +2xJ22+22+2x2 +8XJ22+32+2x3 +1x\/22+42+2><4 +2xJ32+32+3x3

32442 3x4 +1xJ32+52+3x5 V2142 1axa +2XJ42+52+4x5

+3x +2x

By simplifying the above equation, we obtain the desired result.
We compute the modified leap Euler Sombor Banhatti index and its exponential of chloroquine as follows.

Theorem 2. Let G be the chemical structure of chloroquine. Then

(i) " LEU(G) == s ! 2 2Ll 2 2

I2IF2I3IJ_74IJ_

1 1 1
(i) " LEU(G,x) = 2xf +2x2f +8x‘/— +1x2f +2x3f +3x4— F1x7 +2x4B 4 oo
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Proof: We derive

1
(i) "LEU(G)=
uve;(G) \/d2 (u)2 + d2 (V)2 + d2 (u)d2 (V)

~ 2 N 2 N 8 N 1 N 2
V422 41x2 N2242242x2 22437 42x3 22442 +2x4 32432 43x3
3 | 2 2

+

+ + + :
3R +4+3x4 3245 43x5 #2447 +dxd A +5+4x5
2 2 8 1 2 3 1 2 2

—+ + + + + ot =t .
723 V19 27 33 37 7 43 Vel

By simplifying the above equation, we get the required result.
1

) "LEU(Gx)= ¥ N0+, 0+, (), )
uveE(G)
1 1 1 1 1
=2x\/12+22+l><2 +2x\/22+22+2><2 +8x\/22+32+2x3 +1x\/22+42+2><4 +2xJ32+3Z+3x3

1 1 1 1
+3x\/32+42+3x4 n lx\/32+52+3><5 4 2xJ42+42+4x4 4 2x\/42+52+4><5

By simplifying the above equation, we get the required result.
III. RESULTS FOR HYDROXYCHLOROQUINE

Let H be the chemical structure of hydroxychloroquine. This structure has 22 vertices and 24 edges.

(\OH
HNJV\/N\/

~

-~
Ccl N
Figure 2. Chemical structure of hydroxychloroquine

From Figure 2, we obtain that {(d(«), d2(v) \ uv € E(H) } has 11 edge set partitions.

Table 2. Edge set partitions of hydroxychloroquine

dx(u), d2(v) \uv € E(H) 1,1 (1,2) 1,3) 2,2) 2,3) (2,4)
Number of edges 1 1 1 2 8 1
(3.3) (3.4) (3.,5) (4,4) 4,5)
2 3 1 2 2

We compute the leap Euler Sombor Banhatti index and its exponential of hydroxychloroquin .as follows.

Theorem 3. Let H be the chemical structure of hydroxychloroquine. Then

() LEU(H) =37 +193 + 113 +819 +3437 + 261 +7
(i) LEU (H,x)= RGNS POGINE PUER, IS GO SR S P, PN R ML PR, Pes G, Pt

—i—2xlwE +3x¥ + lxw’“’_4 + 2x32ﬁ + 2x9m
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Proof: We deduce
0 LEUH)= S Jd, ) +d,(v) +d, (u)d, (v)

uve E(H)

SR PRI+ IV 422 412 + 1N 432 +1x3 42422 22 +2x2 + 822 +32 +2x3
IV 442 4 2% 4 42432 432 +3x3 4332 + 4% +3x 4 + 132 + 52 +3x5
A + 42 +4xd + 24 +5 +4x5.

By simplifying the above equation, we get the desired result.

(i) LEU(H.x)= Y V00l it
uveE(H)

_ 1xJ12+12+1x1 n lx\/12+22+1x2 n 1x\/12+32+1><3 n 2x\/22+22+2><2 n 8xJ22+32+2x3 n 1x\/22+42+2><4

+2x\/32+32+3><3 +3xJ32+42+3x4 +1xJ32+52+3x5 +2x\/42+42+4><4 +2x\/42+52+4><5.

By simplifying the above equation, we obtain the desired result.

Now, we compute the modified leap Euler Sombor Banhatti index and its exponential of hydroxychloroquine .as
follows.

Theorem 4. Let H be the chemical structure of hydroxychloroquine. Then
1 2 8 1 2 3 1 2 2
() "LEU(H)=

Tffszzfsfﬁ54ﬁ+ﬁ'

(i) LEU (H,x) = lx*/— +1x‘/— +1x‘/— +2x2‘/— +8x\/— +1x2‘/—
1 1 1 1 1
+203V3 4357 4 1x7 42343 42561,

Proof: We deduce

() "LEU(H)= - 12
W& \dy ) +dy (v) +dy () d, (v)
~ ] N 1 N 1 N 2 . 8
2+ 41x1 VP2+22+1x2 PP +32+1x3 22422 42x2 22 +3242x3
1 2 3 ]
+ + + +
2442 12x4 3P +3243x3 32 +42+3x4 32 +52+43x5

+ 2 + 2
JE 18 14x4 4 +5 +4x5

By simplifying the above equation, we obtain the desired result.

) "LEU(Hx)= ¥ V@ 0+, ), )
uveE(H)
1 1 1 1 1
_ lx\/12+12+l><1 i lx\/]2+22+1><2 i lx\/12+32+1><3 n 2x\/22+22+2x2 n Sx\/22+32+2><3

1 1 1 | 1 1
+1x 22142 12x4 n 2x\/32+32+3x3 +3x 32442 13x4 n 1xJ32+52+3x5 1% J2 142 1ax4 1% 421521455

By simplifying the above equation, we get the desired result.
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IV. RESULTS FOR REMDESIVIR

Let R be the molecular structure of remdesivir. This graph has 41 vertices and 44 edges.

Figure 3. Chemical structure of remdesivir
From Figure 3, we obtain that { (d2(u), d2(v) \uv € E(R) } has 13 edge set partitions.

Table 3. Edge set partitions of remdesivir

dx(u), d>(v) \uv € E(R) (1,2) (2,2) (2,3) 2,4) 2,93
Number of edges 2 3 10 1 1
(3.3) (3,4) (3,9) (3,6) (4.4)
7 3 8 | 1
(4,5) (5,9) (5,6)
2 3 2

We compute the leap Euler Sombor Banhatti index and it’s exponential of remdesivir as follows.

Theorem 5. Let R be the chemical structure of remdesivir. Then

() LEU (R)=33242 + 4545 + 50713 + 7529 + 64+/34 + 941 + 22:/61 +105.

(i) LEU (R,x) =2x> 43232 11053 4 1265 1 1x7V29 4 741832 4 3,3
4835 1P 1 4 2V 4 3350 gy

Proof: We derive
) LEUR) = Y \d,(u) +d, () +d, (u)d, (v)

uve E(R)

S22 412 4322+ 22 +2x 2 410822 + 32 +2x3 + 1822 + 4% +2 x4
73 437 +3x3 4332 +42 +3x4 + 832 +52 +3x5 + 132+ 62 +3%6
FINA + 4% +4x4 4238 +5° +4x5+ 35> +57 +5%x5 +24/5° + 67 +5x6.

By simplifying the above equation, we get the desired result.

(i) LEU(R.x)= Z x\/dz(u)“+d2(v)‘+d2(u)d2(v)
uveE(R)

_ Zx\/12+22+1x2 n 3x\/22+22+2><2 " 10x\/22+32+2x3 n 1xJ22+42+2x4 n 1xJ22+52+2x5 n 7x'\/32+32+3><3 n 3x\/32+42+3><4

48 32457135 +1x\/32+62+3><6 +1x\/42+42+4><4 +2xJ42+52+4x5 +3x\/52+52+5><5 +2x«/52+62+5x6_
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By simplifying the above equation, we obtain the desired result.
We compute the modified leap Euler Sombor Banhatti index and it’s exponential of remdesivir as follows.

Theorem 6. Let R be the chemical structure of remdesivir. Then

2 1 1 1 1
() "LEU(R) = > 0 T3 8, 1_

+ + + + + t—t—
35 82 513 1245 7429 182 35 834 275
+ ! + 2 + 3 + 2
3202 941 5042 1161
R IR U U U B |
(ii) " LEU (R, x) = 2x3V5 4 3x8V2 410x5V13 4 5125 115 7V29 1 7x18V2 4 3435

1 1 1 1 1 1
+8x8V L 1x 25 11322 DX OVAT | 350N | Dy lNel

Proof: By using the definitions and edge partitions of G3, we deduce

(i) ™LEU(R)= - 12
w0 d, ) +d, (v) +dy (w)d, (v)
2 3 10 ] |
= + + + +
J2E+224+1x2 22422 42x2 22432 42x3 22 +42+2x4 22 +5+2x5
7 3 8 ]
+ + + +
32432 43x3 3P +4+3x4 32 +52+3x5 3P +62+3x6
N | 2 3 2

+ + +
VP18 +4x4 8 +57 +4x5 2 +52+5x5 57 +67 +5%x6

By simplifying the above equation, we obtain the desired result.
1

() "LEU(Rx)= Y Vst i)

uveE(R)
1 1 1 1 1 1

— VP2t g 32272 | (V2423 | V2T e | 2R e2xs g 3323

1 1 1 1 1 | 1
+3x\/32+42 x4y Sx\/32+52+3><5 +1x 32 +62+3x6 +1x 2142 1axa n 2xJ42+52+4x5 + 3xJ52+52+5x5 n 2x\/52+62+5><6

By simplifying the above equation, we get the desired result.

V. CONCLUSION

In this study, we have determined the leap Euler Sombor Banhatti and modified leap Euler Sombor
Banbhatti indices of some important chemical drugs such as chloroquine, hydroxychloroquine, remdesivir.
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