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ABSTRACT
Chemical Graph Theory is a branch of Mathematical Chemistry which has an important effect on the development
of the Chemical Sciences. In this paper, we introduce the augmented reverse index and augmented reverse
polynomial of a molecular graph. Also we compute the augmented reverse index and its polynomial of certain
important nanostar dendrimers.
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l. INRTODUCTION
Let G be a finite, simple connected graph with vertex set V(G) and edge set E(G). The degree dg(v) of a vertex v
is the number of vertices adjacent to v. The degree A(G) denote the largest of all degrees of G. The reverse degree
of a vertex v in G is defined as ¢, = A(G) — dg(v) + 1. The reverse edge connecting the vertices u and v will be
denoted by uv.We refer to [1] for undefined term and notation.

A molecular graph is a simple graph related to the structure of a chemical compound. Each vertex of this graph
represents an atom of the molecule and its edges to the bonds between atoms. Numerous topological indices are
useful for establishing correlations between the structure of a molecular compound and its physico-chemical
properties, see [2].
Furtula et al. proposed augmented Zagreb index, defined as [3]
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This topological index has proved to a valuable predictive index in the study of the heat formation in octanes and
heptanes, whose prediction power is better than atom bond connectivity index, see [3]. This index was also studied,
for example, in[4,5, 6, 7, 8].

We now introduce the augmented reverse index, defined as
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Considering the augmented reverse index, we define the augmented reverse polynomial as
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Recently, many topological indices were studied, for example, in [9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19].

In this paper, we compute the augmented reverse index and its polynomial of certain nanostar dendrimers. For
more information about nanostar dendrimers see [20, 21, 22].
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. RESULTS FOR NS;[n] DENDRIMER NANOSTARS
In this section, we focus on the polypropylenimine octaamine dendrimer, denoted by NS:[n], where n is the steps
of growth in this type of dendrimer. The graph of NSi1[n] nanostar dendrimer is presented in Figure 1.
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Figure 1. The molecular graph of NS1[n]
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Let G be the graph of polypropylenimine octaamine dendrimer NS:[n]. By calculation, we obtain that G has 32 x
2"— 29 edges. From Figure 1, it is easy to see that the vertices of NS1[n] are either of degree 1, 2 or 3.

Therefore A(G) = 3. Thus ¢y = A(G) — dg(u) + 1 = 4 — dg(u). Also by calculation, we obtain that the edge set
E(NS1[n]) can be divided into four partitions based on the degree of end vertices of each edge as follows:

E1 = {uv € E(G) | da(u) = 1, da(v) = 2}, [Esz = 2 x 20,
E1s = {uv € E(G) | da(u) = 1, dg(v) = 3}, [Ess| =4 x 27— 4.

Ez = {uv €E(G) | da(u) = de(v) = 2}, [Exs| = 12 x 27 11.
Ezs = {uv € E(G) | da(u) = 2, da(v) = 3}, |[Exs| = 14 x 2" 14.

Thus there are four types of reverse edges based on the reverse degree of end reverse vertices of each reverse edge
as given in Table 1.

Table 1. Reverse edge partition of NSi[n]
Cu, &\ uvO € E(G) (3,2 3, 1) (2,2) (2,2)

Number of edges 2x2" 4x2'-4 12 x2"-11 14 x 2" 14

In the following theorems, we compute the augmented reverse index and augmented reverse polynomial of NS;[n].

Theorem 1. The augmented reverse index of a polypropylenimine octaamine dendrimer NSy[n] is given by
ACI (NS, [n])= %(475>< 2" - 427).
Proof: Let G be the graph of NS;[n]. By using equation (1) and using Table 1, we deduce
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Theorem 2. The augmented reverse polynomial of a polypropylenimine octaamine dendrimer NS;[n] is given by
27

ACI(NS,[n],x)=(4x2"-4)x 8 +(28x2"-25)x".
Proof: Let G be the graph of NS1[n]. By using equation (2) and using Table 1, we deduce

ACI(NSy[n].x)= > X[ci:—z]

uveE(G)

[ 32 )3 [ﬁf [ 2x2 f [ 21 js
—2x2"x\322) (42" —4)x\312) L (12x2" —11)x\2722) 1 (14x2" —14)x\ 212
27
—2x 2" +(4x2"—4)x 8 +(12x2" —11)x® + (14x 2" —14) x®
27
—(4x2"—4)x8 +(28x2"—25)x8.

1. RESULTS FOR DENDRIMERSNANOSTARSNS;[Nn]
In this section, we focus on the polypropylenimine octaamine dendrimer, denoted by NSz[n], where n is the steps
of growth in this type of dendrimer. The graph of NS;[n] dendrimer nanostar is presented in Figure 2.
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Figure 2. The structure of NSz[n]
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Let G be the graph of polypropylenimine octaamine dendrimer NSz[n]. By calculation, we obtain that G has 16 x
2"—11 edges. From Figure 2, it is easy to see that the vertices of NSy[n] are either of degree 1, 2 or 3.

Therefore A(G) = 3. Thus ¢, = A(G) — ds(u) + 1 = 4 — do(u). Also by calculation, we obtain that the edge set
E(NS[n]) can be divided into three partitions based on the degree of end vertices of each edge as follows:

Ew= {UV € E(G) | dG(U) =1, dG(V) = 2}, |E12| =2x2"
Ex = {UV € E(G) | dG(U) = dG(V) = 2}, |E22| =8 x2"-5,
Ex = {UV € E(G) | dG(U) =2, dG(V) = 3}, |E23| =6x2"-6.

Thus there are three types of reverse edges based on the reverse degree of end reverse vertices of each reverse
edge as given in Table 2.

Table 2. Reverse edge partition of NS2[n]
Cu, Cv \uvee E(G) (31 2) (272) (271)
Number of edges 2%x2" 8x2"5 6 x2"-6

We now determine the augmented reverse index of NS,[n].

Theorem 3. The augmented reverse index of a polypropylenimine octaamine dendrimer NSy[n] is given by
ACI (NS, [n])=8(16x2" ~11).
Proof: Let G be the graph of NSz[n]. By using equation (1) and using Table 2, we deduce

ACI(NS,[n])= (LT

UVEE(G) Cy +Cy -2
3 3 3
=(£j 2x2”+(ij (8x2”—5)+( 2x1 j (6x2"—6)
342-2 212-2 2+1-2

~8(16x2" —11).
In the following theorem, we determine the augmented reverse polynomial of NSz[n].

Theorem 4. The augmented reverse polynomial of a polypropylenimine octaamine dendrimer NSz[n] is given by
ACI (NS, [n],x)=(16x2" —11)xE,
Proof: Let G be the graph of NS;[n]. By using equation (2) and using Table 2, we deduce

ACI(NS,[n].x)= > x[cu”v‘zj
uveE(G)

=2x2" X(?’J?ZEZT (8>< 2" _5))((2?122)3 + (6 % 2N _ G)X(zfﬁz)a

—(16x2" —11)x8.

V. RESULTS FOR NSs[n] DENDRIMER NANOSTARS

In this section, we focus on the molecular graph structure of the first class of dendrimer nanostars. This family of
dendrimer nanostars is denoted by NS3[n], where n is the steps of growth in this type of dendrimer nanostars. The
molecular graph structure of NS3[3] dendrimer nanostar is presented in Figure 3.
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Figure 3. The structure of NS3[3]

Let G be the molecular graph of a dendrimer nanostar NSs[n]. By calculation, we obtain that G has 27 x 2"—-5
edges. From Figure 3, it is easy to see that the vertices of NSs[n] are either of degree 1, 2, 3 or 4. Therefore A(G)
=4and 8(G) = 1. Thus ¢y = A(G) —dg(u) + 1 =5—dg(u). Also by calculation, we obtain that the edge set E(NSs[n])
can be divided into three partitions based on the degree of end vertices of each edge as follows:

Ex = {uv e E(G) | do(u) = 1, da(v) = 4}, [Ew =1

Exn = {UV € E(G) | dG(U) = dG(V) = 2}, |E22| =9 x 2"+ 3.
Ezs = {uv € E(G) | do(u) = 2, de(v) = 3}, |Ezs| = 18 x 27— 12.
Ess = {uv € E(G) | ds(u) = 3, dg(v) = 4}, |Ess| = 3.

Thus there are four types of reverse edges based on the reverse degree of end reverse vertices of each reverse edge
as given in Table 3.

Table 3. Reverse edge partition of NS3[n]

Cy, &\ UVEE(G) (4,1) (3,3) (3.2) (2,1)
Number of edges 1 9x2"+3 18 x 2" 12 3

We compute the augmented reverse index of NSs[n].

Theorem 5. The augmented reverse index of a dendrimer nanostar NSs[n] is given by
ACI (NS3[n])=@x2n _blert
64 1728

Proof: Let G be the graph of NS3[n]. By using equation (1) and using Table 3, we compute
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uveE(G) Cy +Cy -2
3 3 3 3
[ )33V (gxon3)+[ X2 ) (18x2"—12)+ 2L | «3
4+1-2 3+3-2 3+2-2 2+1-2
13857 ., 61271
= X2— .
64 1728

In the next theorem, we compute the augmented reverse polynomial of NSs[n].

Theorem 6. The augmented reverse polynomial of a dendrimer nanostar NSz[n] is given by
64 729

ACI(NS;[n],x)=x27 +(9x2" +3)x 6 +(18x2" -9)x°,
Proof: Let G be the graph of NS3[n]. By using equation (2) and using Table 3, we compute

http: // www.ijesrt.com© International Journal of Engineering Sciences & Research Technology
[241]


http://www.ijesrt.com/

% THOMSON REUTERS

ISSN: 2277-9655

[Kulli* et al.,7(8): August, 2018] Impact Factor: 5.164
IC™ Value: 3.00 CODEN: IJESS7

ACI(NSg[n].x)= > x(cicc ZJ

uveE(G)
= x[%j +(9x2"+3) X(JZSJ +(18x2"-12) xgﬁz) +3x X(Ziﬁzj
64 729

=x27 +(9x2" +3)x 4 +(18x2" —9)x°.

V. RESULTS FOR DENDRIMER NANOSTARS D;[n]
In this section, we consider a family of dendrimer nanostars with n growth stages, denoted by D1[n]. The graph
of D1[n] with 4 growth stages is depicted in Figure 4.
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Figure 4. The molecular graph of D1[4]

Let G be the graph of a dendrimer nanostar D1[n]. By calculation, we obtain that G has 18 x 2"— 11 edges. From
Figure 4, it is easy to see that the vertices of D1[n] are either of degree 1, 2 or 3. Therefore A(G) = 3 and A(G) =
1. Thus ¢, = A(G) — ds(u) + 1 =4 — de(u). Also by calculation, we obtain that the edge set E(D1[n]) can be divided
into three partitions based on the degree of end vertices of each edge as follows:

Eys = {uv € E(G) | do(u) = 1, da(v) = 3}, s = 1
Ex» = {UV S E(G) | dG(U) = dG(V) = 2}, |E22| =6x2-2
Ezs = {uv € E(G) | do(u) = 2, de(v) = 3}, |Ezs| = 12 x 2" — 10.

Thus there are three types of reverse edges based on the reverse degree of end reverse vertices of each reverse
edge as given in Table 4.

Table 4. Reverse edge degree partition of D1[n]
Cu, Cv\ UVEE(G) (311) (21 2) (21 1)
Number of edges 1 6x2"-2 12x2"-10

We compute the augmented reverse index of dendrimer nanostar D1[n].

Theorem 7. The augmented reverse index of a dendrimer nanostar D1[n] is given by
ACI (D, [n])=144x2" —%

Proof: Let G be the graph of a dendrimer nanostar D1[n]. By using equation (1) and using Table 4, we obtain

sei(of)- ¥ (oo
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In the next theorem, we compute the augmented reverse polynomial of dendrimer nanostar D1[n].

Theorem 8. The augmented reverse polynomial of a dendrimer nanostar D1[n] is given by
27

ACI(Dy[n],x)=x8 +(18x2" ~12)x°.
Proof: Let G be the graph of a dendrimer nanostar D1[n]. By using equation (2) and using Table 4, we obtain

¢c Y
ACI(Dy[n].x)= x[cﬁ‘:v‘Zj
uveE(G)
[ 31 Js ( 2x2 )3 ( 21 T
— x\3+1-2 +(6x2” _2)X 2+2-2 +(12X2n —lo)x 241-2
27
—x8 +(18x2" —12)%8.
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