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Abstract

In this paper, the distance and degree based topological indices
for double silicate chain graph are obtained.
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1 Introduction

In the molecular representation of SiO4 tetrahedra, the corner vertices
represent oxygen ions and the center vertex represents the silicon ion. In
graph theory, the corner vertices are known as oxygen nodes and center
vertex as silicon node. When two oxygen node of two SiO, tetrahedra are
fused, minerals are obtained [6]. While 'n’ tetrahedral are arranged linearly

single silicate chain of dimension 'n’ is obtained and denoted by SSL(1,n).
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Figure 1.1: DSL(2,3)

When two copies of SSL(1, n) with the same order and size is combined
in a particular pattern, the double silicate chain graph(1] is obtained. The
graph DSL(2,3) is shown in Figure 1.1. In this paper Gutman index|5],
degree distance [3] and generalized wiener polynomial[4,7] are determined

for DSL(2,n).

2 Gutman index, Degree distance and gener-

alized Wiener polynomial for DSL (2,n)

Theorem 2.1 Let G = DSL(2,n) be the double silicate chain graph.
Then Gutman index is given by Gut(G) = 1 (384n%+1017n%+678n-144)
if n is even and n > 4 and Gut(G) = § (384n3+1017n%+804n+387)if n is
oddandn>5

Proof. Let V(G) = {v1,v2,v3,. .-, V3nt+1} U {u1,ug, u3,. .., u3nt1} U {v3n =
ugn:n=2,4,...}and E(G) = {vivi41 : 1< 1 < 3n}U {v1v3, vsv7, V709, . . .,
V3n_1V3nt1} U {v2v4, v4v6, V608, . - -, Van42¥3n} U

{v1v4, v4v7, V7010, - - - , V3n—2V3n41} U {wiuipr 2 1...4...3n} U

{Ulua,usu'f,u'rug,---,Usn—1U3n+1} U {U2U4,u4u6,u6us,---,u3n+2u3n} U
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Figure 2.2: WM [DSL(2,2)]

{u1ug, uquz, u7810, - - - , U3n—2U3n41} be the vertex set and edge set of G re-
spectively. For the graph G = DSL (2, n), d(v1) = d(v3n1) = d(v3a-1) =3
for n = 1,2,8,..., d(v;) = d(u;) = 6 for j = 4,7,10,...(3n — 2) and
d(u3n) = d(vsn) = 6 for n =2,4,6,...

The Gutman index is defined as Gut (G) = 5 3, yev (¢ (d(w)d(v)d(, v),
where d(u) and d(v) are the degrees of the vertices u and v, and d(u,v) is

the distance between the vertices.
Case (i): When n is even.

The graph of DSL (2,2) and Wiener matrix of DSL(2,2) is shown in
Figure 2.1 and 2.2 respectively.
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The derivations of Gutman index of DSL (2,n) are given below:

For n = 2, Gut[DSL (2, 2)] = [8(3.3) + 14(3.6) + 2(6.6)]1 + [16(3.3 )+
10(3.6) + 1(6.6)]2 + [12(3.3) + 6(3.6)]3 + [9(3.3)]4 = 2088

For n = 4, Gut[DSL (2, 4)] = [10(3.3) + 28(3.6) + 10(6.6)]1 + [23(3.3)
+38(3.6) + 11(6.6)]2 + [34(3.3) + 46(3.6) + 7(6.6)]3 + [41(3.3) + 16(3.6)]4
+ (12(3.3)]5 = 10854

Forn= 6, Gut [DSL (2, 6)) = [12(3.3) + 42(3.6) + 18(6.6)]1 + [32(3.3) +
62(3.6) + 23(6.6)]2 + [52(3.3) + 82(3.6) + 22(6.6)]3 + [61(3.3) + 52(3.6) +
10(6.6))4 + [34(3.3) + 32(3.6) + 5(6.6)]5 + [28(3.3) + 16(3.6)]6 + [12(3.3)]7
= 30870

If the dimension n is increased successively by 2, then the following
expression gives the Gutman index of DSL (2,n), n is even and n > 4,
Gut(G) = 7 (384n3+1017n2+678n-144).

Case (ii): When n is odd and n > 3.

The graph of DSL (2, 3) and Wiener matrix of DSL (2,3) are as shown
in Figure 1.1 and 2.3 respectively.
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Figure 2.3: WM [DSL(2,3)]

The derivations of Gutman index of DSL (2, n) are given below:

For n = 3, Gut(DSL(2, 3)) = [12(3.3) + 18(3.6) + 6(6.6)]1 + [13(3.3)
+ 28(3.6) + 4(6.6)]2 + [30(3.3) + 24(3.6)]3 + [36(3.3)4

For n = 5, Gut(DSL(2,5)) = [14(3.3) + 32(3.6) + 14(6.6)]1 + [22(3.3)
+ 52(3.6) + 16(6.6)]2 + [46(3.3) + 64(3.6) + 13(6.6)]3 + [60(3.3) + 40(3.6)
+ 2(6.6)]4 + [30(3.3) + 12(3.6)]5 + [18(3.3)]6 = 19458

For n = 7, Gut(DSL(2,7)) = [16(3.3) + 46(3.6) + 22(6.6)]1 + [31(3.3) +
76(3.6) + 28(6.6)]2 + [64(3.3) + 100(3.6) + 28(6.6)]3 + [82(3.3) + 72(3.6)
+ 14(6.6))4 + [46(3.3) + 44(3.6) + 11(6.6)]5 + [38(3.3) + 40(3.6) + 2(6.6)]6
+ [30(3.3) + 12(3.6)]7 + [18(3.3)]8 = 46890.

If the dimension n is increased successively by 2, then the following
expression gives the Gutman index for DSL (2, n), n is odd and n > 5
Gut(G) = 1 (384n3+1017n2+804n+387).

O
Corollary 2.2 Let G = DSL (2,n) be the Double silicate chain graph.

Then the degree distance is given by DD(G) = 1 (88n® +303n?+212n+36)

if n is even, n > 2 and DD(G) = 3 (88n® + 315n? + 266n + 219) if n is odd
and n > 3.
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Proof. The vertex set V(G) and the edge set E(G) are as in Theorem 2.1,
The degree distance is defined as DD(G) = 3 Luvev(c)(d(u) +d(v)d(u,v)
where d(u) and d(v) are the degree of the vertices u and v, d(u,v) is the

distance between the vertices.
Case (i): When n is even.

The graph and the distance matrix of DSL (2, 2) are shown in Figure
2.1 and 2.2 respectively.

The derivations of degree distance of DSL (2, n) are given below:

DD([DSL(2,2)] = [8(3+3) + 14(3+6) + 2(6+6)]1 + [16(3+3) + 10(3+6)
+ 1(6+46)]2 + [12(3+3) + 6(3+6)]3 + [9(3+3)]4 = 1188

DD[DSL(2,4)] = [10(3+3) -+ 28(3+6) + 10(6+-6)]1 + [23(3+3) + 38(3+6)
+ 11(6+6)]2 + [34(3+3) + 46(3+6) + 7(6+6)]3 + [41(3+3) + 16(3+6)]4
+ [12(3+-3)]5 = 5682

If the dimension n is increased successively by 2, then the following

expression gives the degree distance index of DSL (2,n), n is even and
n > 2. DD(G) = } (88n3 + 303n? +212n + 36) if n is even, n > 2.

Case (ii): When n is odd and n > 3.
The following degree distance index are calculated as explained in case(i)

DD(DSL(2,3)) = [12(3+3) + 18(3+-6) + 6(6+6)]1 + [13(3+3) + 28(3+6)
+ 4(6+6)]2 + [30(3+3) + 24(3+6)]3 + [36(3+3)]4 = 3114,

DD(DSL(2,5)) = [14(3+3) + 32(3+6) +14(6+6)]1 + [22(3+3) + 52(3+6)
+ 16(6+6)]2 + [46(3+3) + 64(3+6) + 13(6+6)]3 + [60(3+3) + 40(3+6) +
2(64-6)]4 + [30(3+3) + 12(3+6)]5 + [18(3+3) = 10212

If the dimension n is increased successively by 2, then the following

expression gives the degree distance index for DSL (2,n), DD(G) = :
(88713 +315n2 4 266n + 219), n is odd and n > 3. O

Theorem 2.3 Let G = DSL(2,n) be the double silicate chain graph.
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Then if n is even, n > 4 the generalized wiener polynomial of G is given by

VAP[DSL(2,n) : ] = [48 + (n-4)12]z"" + [72 + (25%)18 + (-2_4)2 7]
2%+ 87+ (251)36 + (351)332%" + 57 + (27)45 + 1‘;—“)21]; +[12
+ (254)30 + (254)29]2% +[18 + (254)26 + (252)36)z° + (12 + (25£)30
+ (25207 +{18 + (27226 + (259362 + .. + [18 + ("=G=2)26
+(252)29]2™ + [12 + (252)30 + (252)29]a"H”

and if nisodd, n > 5

WAP[DSL(2,n) : 2] = [60 + (n-5)12)"" + [80 (255)27 + (252)18]
22 4 (123 + (353)38 + (%5 3513,-3* (102 + ( ) n—5)45]x4‘\
+ |42 + (35229 + (282 30]2 H[18 + (253)26 + ( 36]1: +i2+
(258)30 + (557)29)2™ + ... + [12 + (2=5=2)30 + -;— 29z + [18
+(25)26 + (%ﬂ)selz"“*

Proof. The vertex set V(G) and the edge set E(G) are as in Theorem
2.1. The generalized wiener polynomial of G is defined by W\P(G : z)
=" - d(% v))‘ , where X is any real number. The derivation of general-
ized wiener polynomial of DSL (2,n) is considered in two different cases by

forming the distance matrix.
Case (i): When n is even.

The graph DSL (2,2) and the corresponding Wiener matrix are as shown
in Figure 2.1 and Figure 2.2 respectively. The following polynomial can be

written
WAP(G: z) = 24z + 2727 + 1825 + 92%; W(G) = 168,

From the wiener matrix of DSL (2, n), the following polynomial can be

written:

If G = DSL(2,4), then WAP(G : z) = 482" + 7222 4 872" 4 5724
+ 12257 W(G) = 741,

If G = DSL(2,6), then WaP(G : z) = 722 + 11722 + 15623 4
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12324 4 7125 + 442" + 1227 W(G) = 1969.

If G = DSL(2,8), then WyP(G : z) = %6z + 16222 + 22523 4
189z%" + 13025 + 10628 + 7127 + 442%" + 122%"; W(G) = 4094.

If n is increased successively by one, the generalized Wiener polynomial

of G = DSL(2,n) is

V\P[DSL(2,n) : z] = [48 + n-4)12]a: +[72 + (251)18 + ("-4)27]
2 + (87 + ("T*“)as +(25)33]2% + [57 + (254)45 + (24)21)z% + [12
+ (25930 + (254)29)c5" +[18 + (254)26 + (252)36)z%" + [12 + (252)30
+ (252)29)” s +[18 + (%52)26 + (252) 36z8" + ... + [18 + (1:%‘_—2)-)26
+(252)29)z% + [12 + (252)30 + (252) 29]:c"+1“

Case (ii): When n is odd.

The wiener matrix WM of DSL(2,3) is shown in Figure 1.1. The follow-
ing polynomial can be written from the Wiener matrix WM of DSL(2,3) in
Figure 2.3.

If G = DSL(2,3), then WAP(G : ) = 36z1" + 4522 + 5425 + 362%°;
W(G) = 432.

From the wiener matrix WM of DSL(2,n), the following polynomial can
be written:

If G = DSL(2,5), then Wy P(G : z) = 60z + 902" + 12323" + 102"
+ 4275 + 1825"; W(G) = 1334.

Therefore, in general

WAP[DSL(2,n) : 2] = [60 + (n-5)12]c"" + [80 + (253)27 + (252)18]

A — A=
22+ (123 + (25%)33 + (252)36]2%" + [102 + (255)21 + (258)45]z1”
n— n— A
+ [42 + (252)29 + (252)30]2% +[18 + (252)26 + (255)36)e% + [12 +
» A
(25%)30 + (250)29)e™ + ... + [12 4 (2=@=2)30 + (252)20]2™ + [18
+ (252906 + (232)30]0+
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3 Conclusion

In this paper degree distance, Gutman index and generalized wiener poly-
nomial are derived for double silicate network graphs. By putting A =
1,—1, —2 the wiener index, reciprocal wiener index, and Harary index re-
spectively can be obtained from the generalized Wiener polynomial. The
hyper Wiener index WW(G) = 3W1 + 3W, and Tratch-Stankevich-Zefirov
index TSZ (G) = LW, + 3W2 + ;W3 can also be derived from the gener-

alized Wiener polynomial.
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