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With the invention of Nano-technology, the study of
topological indices gained much importance. In this paper
we initiate the study of eccentric and Wiener indices of a
pentagonal ring. We observe that the eccentric connectivity
index is a second degree polynomial in both the structures
(Straight chaining and Alternative chaining) where as
Wiener index is a third degree polynomial.
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InTRODUCTION

nano pentachain is a closed chain of pentarings in one row. Ivan Gutman and [2] in

2007 presented the study of concatenated 5-cycles in one row and obtained explicit formulas
for Schultz and modified Schultz indices of these graphs. Later Lakshmi prasanna [4] and the
present author [5] obtained formulas for various topological indices. Recently in 2009,
0. Halakoo [3] obtained bounds for Schultz index of pentachains.

The study of eccentric connectivity index gained more importance as the topological
models involving this index show a high degree of predictability of pharmaceutical properties.
In this paper, we obtained simple formulas for eccentric connectivity index and Wiener
indices of nano pentachain.

PRELIMINARIES

irst we state the definitions of W, WW, S, RW and eccentric indices.
Definition 2.1. [7] The Wiener index of a graph G = (V, E) is defined as

1

W(G)=— Z Z dg(u,v) where dg(u,v) is the length of shortest path connecting u and v in
2 velV uel

G.

Definition 2.2. [2] The Hyper wiener index of a graph G = (V, E) is defined as
1
WW(G) = > (dy+dy).

i<j
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Definition 2.3. [8] The Narumi-katayama index of a graph G is defined as

n
S=50G)= Hi, where “i” is the degree (= number of first neighbours) of the i™ vertex and n
i=1
is the number of the graph.
Definition 2.4. [1] The Reverse Wiener index of a graph G is defined as RW (G) =

%N (N—-1)d —W, where N is the number of vertices, d is the diameter and W is the Wiener

index of the graph G.

Definition 2.5. [6] If G = (V, E) is a connected graph then the eccentric connectivity
index of G is defined as §(G) = Yyev () deg(v) € (v), where € (v) = max {d (u, v)/lu e V(G)}.

NoraTtion

—cycles can be concatenated in a chain as shown in figure 1, 2 (we call this case as
Straight chaining) or as in figure 3 (we call this case as Alternative chaining).

In Straight chaining case the graph consisting of 5-cycles in a chain is denoted by
G (a, S). The graph with a = 6 in a chain is as shown below.

Y; YZ YZa Y1

X X5 X, >,
Fig. 1.

The graph with @ = 7 in a chain is as shown below.

Y; "'2 YZa Y1

X X5 X X,
Fig. 2.

In Alternative chaining case the graph consisting of 5-cycles in a chain is denoted by
G (a, A). The graph with a = 6 in a chain is as shown below.

)
x X3 x,

XSa/Z
Fig. 3.

WIENER INDEX
1 . .
heorem 4.1. W(G(a,S)) = g(9a3 +60a’ —101a), ifa > 3 and ais odd.

Proof: Let the vertex set of G(a,S) be A U B, where 4 ={x1, X3,..., Xo}, B={)1, V25+e» V2u}-
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Now W(G(a,S)) = Z d (u,v)+ Z d(u,v)+ Z d (u,v)

u,ved u,veB ueA,veB
a1 a3 atl
2 4 2 2
. . . a+5 ) a+3
= aZl + 2a21+3a(5)+4a21+2a( 2 j + a(1)+4aZl+a( > j
i=1 i=1 i=6 i—2

1 1
(a3 —a)+5(a3 +10a> —2561)+5(a3 +5a2)

1
g(9a3 +60a” —101a).

1 . .
Theorem 4.2. W (G(a,S)) = g(9a3 +60a® —100a), ifa > 4 and ais evevn.

Proof: Let the vertex set of G(a,§) be AUB, where 4 = {x|, X3, ..., Xa},
B = {)/1, V2, ey y2a}~

Now W (G(a,S)) = Z d(u,v)+ z d(u,v)+ Z d(u,v)

u,ved u,veB ucA,veB
a2 a+2
2 2 4 2
a Ta\la+4 al\la+6
= i+ =] [+]2 [ +3a(5)+4 +(—]( ]+(—j[ )
a;z (2] a;l a(5) a;z > 5 > 7

a

2
+ a(l)+4aZi+(3a)(a;2)

i=2

1 1
(a3)+5(a3 +10a? —25a)+5(a3 +5a%)

(9a> +60a’ —100a).

1 a.
Theorem 4.3. W (G(a, A)) = E(27a3 +18a° +484), 1f%1s odd.

Proof: Let the vertex set of G(a,4) be AUB, where 4 = {x, X3, ..., X3},
B={y1, Y2, cor V3ai2}-

Now W(G(a,9)= D dwy)+ Y dwv)+ Y dwv)

u,ved u,veB ueA,veB
3a-2 3a-2 3a-2

4 4 4
SR Y i+ a + 4@+ 4aB)+3a Y, ”*(37“)(3‘1:2)

i=1 i=1 i=4
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:—(27a ~12a)+ (27a ~12a)+ (27a +36a% +108a)
1 3 2
:E(27a +18a” +48a).

1 o a .
Theorem 4.4. W (G(a, A)) = E(27a3 +184% + 48a), 1f%1s even.

Proof: Let the vertex set of G(a,4) be AUB, where 4 = {x, X2, ..., Xza2},
B={y1, 2 s V3an}-
Now W(G(a,S)) = z d(u,v)+ z d(u,v)+ z d(u,v)
u,ved u,veB ueAd,veB

3a-4 3a-4 3i
4 4

S NECIRRESD N C ) RETIRVEIEREIey
2 4 2 4

i=1 i=1 i=4

f—(27a )+ (27a )+ (27a +36a° +96a)

1
= E(27a3 +184? +48a).

HyPER WIENER INDEX
1
heorem 5.1. WW(G(a,S)) = E(3a4 +394° +189a° — 5994), where a > 3 and ais odd.

Proof: Let the vertex set of G(a,§5) be AUB, where 4 = {x, x5 .., X.},
B={y1, Y2 - V2a}-

Now WW(G(a,S)):%( z d(u,v) + Z d(u,v)+ z d(u,v)+ z d*(u,v)

Lu,veA u,veB ueA,veB u,ved
2 2 A
+ d”(u,v)+ d”(u,v)
u,veB ueA,veB J

a+3 a+l

a-1
S 4. 2 a+5 . a+3
aZz + 2a21+3a(5)+4a21+2a 2 + a(1)+4a21+a 2

i=1 i=1 i=6 i=2

a+3

a-1
< 4 2 a+5 2
+ aZiz + 2a2i2+3a(5)2+4a2i2+2a(T]

i=1 i=1 i=6
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a+l

a+3)?
+a(l) +4a21 +a( 2 )

1|1 1 1 1
=E[§(a3 —a)-i-z(a3 +10a? —25(1)+E(a3 +5a2)+§(a4 —a®

+é(a4 +154° +77a% -375a) +%(2a4 +154° + 404> +3a)}

1
= E(3a4 +394° +1894” —5994).

1 .
Theorem 5.2. WW(G(a,S)) = E(3a4 +39a> +190a” — 600a), where a > 4 and ais even.

Proof: Let the vertex set of G(a,S) be AU B, where 4 = {x1, x, ..., X}, B
= V1 V25 oos V2a)
1
Now WW(G(a,S)):E( S dwn+ Y duvt > dww+ Y dw)
Lu,veA u,veB ueA,veB u,ved
Pt Y )
u,veB ueAd,veB J

a+2

azzzw(%) + 2az4:z+3a(5)+4a22: (7_“)(‘1;4 +(_)(a;r6)

i=1 i=1 i=6

(SRR

i=2 i=1
a+2

a2
+ a(l)+4a2i+(3a)(a+2] + aZZ:12+ ]
[#5¢

+ 2a212+3a(5) +4“z (Taj(ﬁﬂ ( ]

a

2 a+2 2
+)a(l)? +4a i2+(3a)( > )
i=2

;[ (a )+;(a +10a> —25a)+— (a +5a° )+ (a +2a)

1
+g(a4 +15a° +77a° —375a)+E(2a4 +154° + 4Oa2)}

1
= E(3a4 +394° +1904” — 600a).
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1 .
Theorem 5.3. WW(G(a, A)) = a(27a4 +81a> +60a® +460a), where % isodd.

Proof: Let the vertex set of G(a,4) be AUB, where 4 = {x, X3, ..., X3an},
B={y1, Y2 e V3an}-

Now WW(G(a,S)):%( z d(u,v)+ Z d(u,v)+ z d(u,v)+ z d*(u,v)

Lu,veA u,veB ueAd,veB u,ved
£ P Y )
u,veB ueA,veB J
3a-2 3a-2 3a-2
1113a <& 30 < 4 3a\(3a+2
=215 Dif+ = D if+)a()+4a(2)+4a3)+3a Y i+(7]( ; ]
i=1 i=1 i=4
3a-2 3a-2
4
+ 37“ z P2 +]= z i [ +1a(1)? +4a(2)* + 4a(3)*
i=1 i=1
3a-2
4 2
g ()
~ 2 4

11 1 1
- _[_(27a3 ~12a)+— (274’ =12a) + — (274> + 36a* +1084)
2[ 64 64 32

+L(27a4 ~124%)+ L(z7a4 - 12a2)+i(27a4 +54a> +60a” + 728a)}
128 128 64
1
= a(27a4 +81a> +60a” +460a).

1 .
Theorem 5.4. WW(G(a, A)) = a(27a4 +81a> + 60a” +448a), where % iseven.

Proof: Let the vertex set of G(a,4) be AUB, where 4 = {xi, X2 .., X342},
B= {)/1, V2, ey y3a/2}~

Now WW(G(a,S)):%( z d(u,v) + Z d(u,v)+ z d(u,v)+ z d*(u,v)

Lu,veA u,veB ueAd,veB u,ved
2 2 )
+ d”(u,v)+ d”(u,v)
u,veB ueA,veB J
3a-2 3a-2 3a-2

e o .
SR T i s aa s Y (30342

21123 i=1 i=4
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3a-2 3a-2
30 < 2 3a < 2 2 2 2
5 Zi 5 Zi +{a()? +4a(2)? + 4a(3)
i=1 i=1
3a—

o2

1[ 274> ey (27a )+ (27a +364° +96a)

2

+—(27a +244° )+ (27(1 +244° )+ (27(1 +54a° +24a +704a)]

1
= a(27a“ +81a° +60a’ +448a).

S INDEX

heorem 6.1. S(G(a,S))=124>,if a>2.
Proof: The total number of vertices in this graph is 3a.

The number of vertices of degree 2 is @ where as the number of vertices of degree 3 is

2a.

Hence S(G(a,9)) = [ [i= (@(@2a)3) =124".
i=1
Theorem 6.1. S(G(a, A)) =124, if a> 2.

Proof: The total number of vertices in this graph is 3a.

The number of vertices of degree 2 is @ where as the number of vertices of degree 3 is
2a.

Hence S(G(a, 4)) = [ [i = (@(2)(2a)(3) = 124"

i=1

REVERSE WIENER INDEX

1 .
heorem 7.1. RW(G(a,S)) = g(9a3 +244° +71a), where a > 3 and ais odd.

Proof: The total number of vertices in this graph N is 3a.

The diameter in this graph d is ar
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1
And the Wiener index of this graph is W(G(a, S)) = g(9a3 +60a” —101a).

Now RW(G(a,S)) = %N(N ~1)d-W.

L 30)33a —1)(“;5) —%(9a3 +60a2 —101a)

= %(9613 +244? + 71a).

1 .
Theorem 7.2. RW(G(a,S)) = g(9a3 +424° + 64a), where a > 4 and aiseven.

Proof: The total number of vertices in this graph N is 3a.

. N . a+6
The diameter in this graph d is Sy

1
And the Wiener index of this graph is W (G(a,S)) = g(9a3 +60a® —100a). .

Now RW(G(a,S))= %N(N ~)d-W.

%(351)(3(1 & ; 6) —%(9513 +60a” —100a)

= %(9613 +424° + 64a).

1
Theorem 7.3. RW(G(a, A)) = E(27a3 —60a), where%is odd.

Proof: The total number of vertices in this graph N is 3a.

. 3a+2
The diameter in this graph d is a: .

1
And the Wiener index of this graph is W (G(a, 4)) = E(27a3 +184a% +48a) .

Now RIW(G(a, A)) = %N(N ~)d-W.

1 3a+2 1 3 2
~3Ba)(3 —1( )—— 27a° +184% + 48
2(a)(a ) 5 16( a a a)
- %(znﬁ —60a).

1
Theorem 7.4. RW (G(a, A)) = E(27a3 —36a” — 48a), where % iseven.

Proof: The total number of vertices in this graph N is 3a.
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The diameter in this graph d is %Ta.
. . . . 1
And the Wiener index of this graph is W (G(a, A)) = 3(27613 +184% + 48a).

Now RW(G(a, 4)) = %N(N C)d W,
= %(3a)(3a -1) (%) —%(2%:3 +18a” +48a)

= i(27a3 —36a” —48a).
16

ECCENTRIC CONNECTIVITY INDEX

heorem 8.1. &G(a,9)) = 4a* + 17a, where a > 3 and a is odd.

Proof: The total number of vertices in this graph is 3a.

In the first row the number of vertices of degree 2 is a, the number of vertices of degree
3is 0.

In the second row the number of vertices of degree 2 is 0, the number of vertices of
degree 3 is a.

In the third row the number of vertices of degree 2 is 0, the number of vertices of degree 3
is a..

a+5

In this graph the eccentricity of every vertex in the first row is

a+5

The eccentricity of every vertex in the second row is

a+3

And the eccentricity of every vertex in the second row is

Then §(G(a,S))=2a(a;5j+3a(a;5]+3a(a;3) - 4a® 1 17a.

Theorem 8.2. £G(a,S)) = 4a° + 15a, where a > 4 and a iseven.

Proof: The total number of vertices in this graph is 3a.
In the first row the number of vertices of degree 2 is a, the number of vertices of degree
3is 0.

In the second row the number of vertices of degree 2 is 0, the number of vertices of
degree 3 is a.

In the third row the number of vertices of degree 2 is 0, the number of vertices of degree 3
is a.
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. . . . a+6
In this graph the eccentricity of every vertex in the first row is .

+4

. . . a
The eccentricity of every vertex in the second row is

. . .oa+2
And the eccentricity of every vertex in the second row is .

Then g‘(G(a,S)):2a(a;6j+3a(a;4)+3a[a;2j - 4a? +15a.

Theorem 8.3. &(G(a, A)) = 64 + 4a, where % is odd.

Proof: The total number of vertices in this graph is 3a.

In the first row the number of vertices of degree 2 is a, the number of vertices of degree
3is 0.

In the second row the number of vertices of degree 2 is 0, the number of vertices of
degree 3 is a.

In the third row the number of vertices of degree 2 is 0, the number of vertices of degree 3
is a.

+2

In this graph the eccentricity of every vertex in the first row is

. . . +2
The eccentricity of every vertex in the second row is .

And the eccentricity of every vertex in the second row is

Then &G(a, 4)) = 2a(3“4+ 2) +3a(3"4+ 2) +3a (%} = 64> + 4a.

Theorem 8.4. £(G(a, A)) = 6a2, where % is even.

Proof: The total number of vertices in this graph is 3a.

In the first row the number of vertices of degree 2 is a, the number of vertices of degree
3is0.

In the second row the number of vertices of degree 2 is 0, the number of vertices of
degree 3 is a.

In the third row the number of vertices of degree 2 is 0, the number of vertices of degree 3
is a.

. . . . 3a
In this graph the eccentricity of every vertex in the first row is ik

. . . 3a
The eccentricity of every vertex in the second row is i



Acta Ciencia Indica, Vol. XLIII M, No. 2 (2017) 77

. . . 3a
And the eccentricity of every vertex in the second row is ik

3a 3a 3a

Then &G(a, A)) = 2a (T] +3a (—] +3a (—] = 6a’.

4 4
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