International Journal of Mathematical Archive-14(5), 2023, 1-8
@ J M A Available online through www.ijma.info ISSN 2229 - 5046

IRREGULARITY DHARWAD INDICES OF CERTAIN NANOSTRUCTURES
V. R. KULLI*

Department of Mathematics, Gulbarga University, Gulbarga - 585106, India.

(Received On: 17-04-23; Revised & Accepted On: 05-05-23)

ABSTRACT
In this paper, we introduce the irregularity Dharwad index, the irregularity reduced Dharwad index and their
corresponding exponentials of a graph. Also we compute these newly defined irregularity Dharwad indices and their
corresponding exponentials for some important nanostructures which are appeared in nanoscience.
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1. INTRODUCTION

The simple, connected graph G is with vertex set V(G) and edge set E(G). The number of vertices adjacent to the vertex
u called degree of u, denoted by d(u). For other graph terminologies and notions, the readers are referred to books [1,
2].

A chemical graph is a graph whose vertices correspond to the atom and edges to the bonds. Mathematical Chemistry is
very useful in the study of Chemical Sciences. We have found many applications in Mathematical Chemistry by using
graph indices, especially in QSPR/QSAR research [3, 4].

In [5], the Dharwad index of a graph G was introduced and it is defined as

DG)= Y dW’+dWw),

uveE(G)
Recently, some Dharwad indices were studied, for example, in [6, 7].

We introduce the irregularity Dharwad index of a graph G and it is defined as

DG)= ¥ dw?-dw).

uveE(G)

We introduce the irregularity Dharwad exponential of a graph G and it is defined as

ID(G,X): Z X\ld(u)s—d(V)a‘

uveE(G)
Recently, some irregularity indices were studied, for example, in [8, 9. 10, 11, 12, 13, 14].

We also define the irregularity reduced Dharwad index of a graph G as
3 3
RDG)= T ldw -1 —(dw-1)7.
uveE(G)
Recently, some reduced indices were studied, for example, in [15, 16, 17, 18].
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We propose the irregularity reduced Dharwad exponential of a graph G and it is defined as

IRD(G,x)= > X (d(w)-2)’~(d(v)-1)]

uveE(G)
In this paper, the irregularity Dharwad index, the irregularity reduced Dharwad index and their corresponding
exponential for certain nanostructures are determined.

2. RESULTS FOR POLY ETHYLENE AMIDE AMINE DENDRIMER PETAA

The chemical graphs G of poly ethylene amide amine dendrimers PETAA structure have 44x2" — 18 vertices and 44x2"
— 19 edges are shown in Figure 1.

Figure-1: The molecular graph of PETAA

In the above structure, we obtain that {d(u),d(v): uv € E( G)} has four edge set partitions.

d(u), dv)\uv e E(G) (1,2) (1,3) 2,2 (2,3)
Number of edges 4x2" 4x2"-2 16x2"-8 20x2" -9
Table-1: Edge set partition of PETAA

We calculate the irregularity Dharwad index of PETAA chemical graph as follows:
Theorem 1: Let G be the chemical structure of PETAA. Then

ID(G) = (N7 ++/26 +5119)4x 2" — 226 —919.

Proof: Applying definition and edge set partition of G, we conclude

DG)= 3 ldWw?-dv)’]

uveE(G)

=4 x 2“ai|13—23|+(4 x 2" 2) 1 -3
+(16 x 2" - 8)\/|23—23|+(20 x 2" - 9) 2% — 3.

By simplifying the above equation, we obtain the necessary result.
We calculate the irregularity Dharwad exponential of PETAA chemical graph as follows:
Theorem 2: The irregularity Dharwad exponential of PETAA is given by

IDG,x)=(4 = 2")x7 +(4 x 2" 2)x +(16 x 2" - 8)x°+(20 x 2" - 9)x*.

Proof: Applying definition and edge set partition of G, we conclude

|D(G,X)= Z X«fd(uf—d(vﬂ

uveE(G)

(4 % 202 (4 2n = 2)x T4 (16 % 27— 8)xIF
+(20 x 27— 9)x 5T,
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By solving the above equation, we get the desired result.

We calculate the irregularity reduced Dharwad index of PETAA chemical graph as follows:

Theorem 3: Let G be the chemical structure of PETAA. Then

IRD(G)=(L+2v2 +5{7)4x2" - 42 -9{7.

Proof: Applying definition and edge set partition of G, we conclude

RDG)= ¥ (dwW -1 ~(dW)-1)]

uveE(G)
=4 x 2”\/\(1—1)3—(2—1)3|+(4 x 2" — 2)\/|(1—1)3—(3—1)3|

(16 x 2 = 8)\[(2-17 —(2-17| +(20 x 2" - 9)yl2-1" ~(3-2).

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

We calculate the irregularity reduced Dharwad exponential of PETAA chemical graph as follows:
Theorem 4: The irregularity Dharwad exponential of PETAA is given by
IRD(G,x)=(4 x 2")x7 +(4 x 2"~ 2)x® +(16 x 2" - 8)x*+(20 x 2" - 9)x*.

Proof: Applying definition and edge set partition of G, we conclude

IRD(G,x)= Z X (d(u)-1)°~(d(v)-1)°

|
uveE(G)

:(4 x 2"))(\/(1-1)3—(2—1)3\ +(4 % " _ 2) X~f(1—1)3—(3-1)3\
+(16 x 2" — 8))(‘9(2-1)3—(2—1)3\ +(20 % " _ 9)X“j(2"1)3_(3"1)3‘.
By solving the above equation, we get the desired result.

3. RESULTS FOR PROPYL ETHER IMINE DENDRIMER PETIM

The chemical graphs H of propyl ether imine dendrimers PETIM structure have 24x2" — 23 vertices and 24x2" — 24
edges are shown in Figure 2.

.
o

Figure-2: The molecular graph of PETIM

In the above structure, we obtain that {d(u),d(v): uv € E(H)} has three edge set partitions.

d(u), dW\uve EH) (1,2) (2,2) 2,3)
Number of edges 2x2" 16x2"-18 6x2" -6
Table-2: Edge partition of PETIM
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We calculate the irregularity Dharwad index of PETIM chemical graph as follows:
Theorem 5: Let H be the chemical structure of PETIM. Then

ID(H)=(+7+3/19)2x2" -610.

Proof: Applying definition and edge set partition of G, we conclude

D)= Y Jdw’ —dwy]

uveE(H)

—ox 2B 2 +(16><2” - 18)x/|23 —2 +(6><2” - 6)x/|23 -3

By simplifying the above equation, we obtain the necessary result.
We calculate the irregularity Dharwad exponential of PETIM chemical graph as follows:
Theorem 6: The irregularity Dharwad exponential of PETIM is given by

ID(H, %) =(2x2")x7 +(16x2" ~18)x* +(6x2" —6)x ™.

Proof: Applying definition and edge set partition of G, we conclude

|D( H, X) _ Z X\jd(u)td(v)?"

uveE(H)
= (2527)x 2 1 (16227 ~18)x ¥ 7 4 (62" —6)x* <,
By solving the above equation, we get the desired result.
We calculate the irregularity reduced Dharwad index of PETIM chemical graph as follows:
Theorem 7: Let H be the chemical structure of PETIM. Then

IRD(H) =(1+347)2x2" -647.

Proof: Applying definition and edge set partition of H, we conclude

RO(H)= 3 J(dW -1 —(dw)-1)]

uveE(H)
= 2x2"|2-1 —(2-17] + (16x2" - 18)[(2 -1 - (2D

+(6x 2" - 6)\/|(2—1)3 ~(3-1)|.

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

We calculate the irregularity reduced Dharwad exponential of PETIM chemical graph as follows:

Theorem 8: The irregularity Dharwad exponential of PETIM is given by
IRD(H, X) =(2x2")x" ++(16x2" ~18)x" +(20 x 2" - 9)x*" (4 = 2")x".

Proof: Applying definition and edge set partition of H, we conclude

IRD(H,x)= > X\/(d(U)—l)a—(d(v)—l)a‘

uveE(H)

(2 L ) X\i(l—l)s—(Z—l)s‘ N (1 6x 2" — 18) X\¢(2—1)3—(2—1)3‘ n (6x o _ 6) X\ﬂ(2—1)3—(3fl)3‘ _
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By solving the above equation, we get the desired result.
4. RESULTS FOR ZINC PROPHYRIN DENDRIMER DPZ,

The chemical graphs K of zinc prophyrin dendrimers DPZ, structure have 56x2" — 7 vertices and 64x2" — 4 edges are
shown in Figure 3.
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Figure-3: The molecular graph of DPZ,

In the above structure, we obtain that {d(u),d(v): uv € E(K)} has four edge set partitions.

d(u), dv) \uv € E(K) (2, 2) (2,3) 3,3) (3, 4)
Number of edges 16x2" -4 40x2"-16 8x2"+12 4

Table-3: Edge set partition of DPZ,
We calculate the irregularity Dharwad index of DPZ, chemical graph as follows:

Theorem 9: Let K be the chemical structure of DPZ,,. Then

ID(K)=40x2"19 ~16419 +44/37.

Proof: Applying definition and edge set partition of K, we conclude

DK = Y Jdw?—dwy]

uveE(K)

=(16><2“ - 4)\/|23 — 2 +(40x2n —16) 2% — 3

+(8x2+12) I3 -3 +4yI3* - £°].
By simplifying the above equation, we obtain the necessary result.

We calculate the irregularity Dharwad exponential of DPZ, chemical graph as follows:
Theorem 10: The irregularity Dharwad exponential of DPZ,, is given by
ID(K, x) =(24x2" +8)x° +(40x 2" ~16) ™ + 4%,

Proof: Applying definition and edge set partition of K, we conclude

ID(K,X)= z X\jd(u)a—d(V)a‘

uveE(K)
= (16527 — 4)x¥2 2 1 (40x 27 —16)x77 T 4 (8327 +12) x T 4 4x I,

By solving the above equation, we get the desired result.
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We calculate the irregularity reduced Dharwad index of DPZ, chemical graph as follows:
Theorem 11: Let K be the chemical structure of DPZ,, Then
IRD(K)=40x2"\J7 ~16+/7 + 44/19.
Proof: Applying definition and edge set partition of K, we conclude

RD(O)= 3 @ -1 ~(dw-1]

uveE(K)
—(16x2" - 4)[(2-1° —(2-2| + (40x2" ~16)y[(2-1 ~(3-D)]

+(8x2"+12)\[(3-1° ~ (31| + 4y[(3-2 ~(4-1)".
By simplifying the above equation, we obtain the necessary result.

We calculate the irregularity reduced Dharwad exponential of DPZ, chemical graph as follows:

Theorem 12: The irregularity Dharwad exponential of DPZ, is given by
IRD(K, X) =(24x2" +8)x° +(40x2" —16)x7 +4x*.

Proof: Applying definition and edge set partition of G, we conclude

IRD(K,x)= > x (-1 (d(v)-1)]

uveE(K)

= (16 2" _ 4) X\f(Z—l)af(Z—l)s‘ i (40 2" _ 16) X\j(Z—l)g—(&l)a‘

+(8 O +12) a0~ | oG -ao’

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

5. RESULTS FOR PORPHYRIN DENDRIMER D,P,

The chemical graphs D of porphyrin dendrimers D,P, structure have 96n —10 vertices and 105n — 11 edges are shown
in Figure 4.
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Figure-4: The molecular graph of D,P,

In the above structure, we obtain that {d(u),d(v): uv € E(D)} has six edge set partitions.

du),dv)\w e ED) (L,3) (L4 (2,2 (23 (3,3 34
Number of edges 2n 24n 10n-5 48n-6 13n  8n
Table-4: Edge set partition of D,P,
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We calculate the irregularity Dharwad index of D,P,, chemical graph as follows:
Theorem 13: Let D be the chemical structure of D,P,,. Then

ID(D) =(21/26 +24/63 + 4819 +8/37 )n - 6119,

Proof: Applying definition and edge set partition of D, we conclude

D)= 3 ldw?-dw)

uveE(D)

= onJl® =3 + 2anl - #°] + (10n - 5){12° - 2]
+(48n-6)12° =3[ +13n\[3° — 3] + 2803 — 4°].

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

We calculate the irregularity Dharwad exponential of D,P, chemical graph as follows:
Theorem 14: The irregularity Dharwad exponential of D,P, is given by

ID(D, x) = 2nx"® + 24nx"® +(23n - 5)x° +(48n—6)x"™ +8nx"¥.

Proof: Applying definition and edge set partition of D, we conclude

|D( D, X) _ Z X«/d(u)td(v)a‘

uveE(D)

= onx 3T 4 pany T 4 (10n— 5)XW

+(48n-6) 73T | 130y 3T | gy 4T,
By solving the above equation, we get the desired result.
We calculate the irregularity reduced Dharwad index of D,P, chemical graph as follows:
Theorem 15: Let D be the chemical structure of D,P,, Then

IRD(D) =(44/2 + 723+ 487 + 819 )n - 67.

Proof: Applying definition and edge set partition of D, we conclude

ROD)= 3 (dw -1 ~(dw-1)]

uveE(D)
—2n|0-1° (31| + 24n\|1-D°* ~ (4-1"|
+(10n— 5)yl(2-1° —(2-1] + (48n - 6)yl(2-1" — (31

1130y3-1° —(3-1°| +8ny|(3-1° —(4-1)].
By simplifying the above equation, we obtain the necessary result.

We calculate the irregularity reduced Dharwad exponential of D,P, chemical graph as follows:

Theorem 16: The irregularity Dharwad exponential of D,P,, is given by
IRD(D, x) = 2nx*? + 24nx* (23n - 5)x° + (48n — 6)x7 +8nx"®.,

Proof: Applying definition and edge set partition of D, we conclude

IRD(D,x)= > X (dW-D'~(dW)-D)]

uveE(D)

3 3 3 3
_ 2nx‘/(1‘1) -0 24nx‘/(1‘1) ~(4-1°|
3 3 3 3
+(10n— 5) e’ -0 (48n—6) XJ(Z&) e
3 3 3 3
113V~ \ L gl -6 ‘.
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By solving the above equation, we get the desired result.

6. CONCLUSION

In this study, we have determined the irregularity Dharwad indeX, the irregularity reduced Dharwad index and their
corresponding exponentials for some important dendrimers such as poly ethylene amide amine dendrimers, propyl ether
imine dendrimers, zinc prophyrin dendrimers and porphyrin dendrimers which are appeared in nanoscience.
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