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1. Introduction

Graph theory has seen an explosive growth due to interaction with areas such
as information science, mathematics, chemistry, etc. Especially, it has become one
of the most powerful mathematical tools in the analysis and study of the chemical
sciences [18]. A chemical graph is a graph such that each vertex represents an
atom of the molecule, and represents covalent bonds between atoms by edges of
the corresponding vertices [1]. Furthermore, the graph theory has successfully
provided chemists with a variety of very useful tools, namely, the topological
index. A topological index is a numerical value associated with chemical
constitution purporting for the correlation of a chemical structure with various
physical properties, chemical reactivity or biological activity. Research on the
topological indices has been intensively rising recently. There are numerous
topological descriptors that have found some applications in theoretical chemistry,
especially in QSPR/QSAR research [2-4, 6, 7, 9, 12].

Let G =(V,E) be asimple undirected graph of order n and size m. We begin
by recalling some standard definitions that we need throughout this paper. For any

vertexv eV , the open neighborhood of v is N;(v)={ueV | uveE} and closed
neighborhood of v is N;[v]=N;(v)w{v}. The degree of vertex v in G denoted
by degs(v), that is the size of its open neighborhood. The distance dg (u,v)

between two vertices u and v in G is the length of a shortest path between them
[5,21]. The eccentricity value of the vertex ueV denoted by e, (u), that is the
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largest between vertex u and any other vertex v of G, &;(u) =max,,, d(u,v).
Let f =uveE. Then, the degree of the edge f, denoted by deg, (f), is defined to
be deg,(f)=degs(u)+deg,(v)—2. Let f,=uyv, and f,=u,v, be two edges in
E. The distance between f, and f,, denoted by d;(f,, f,), is defined to
dg (f,, f,)=min{dg (U, u,).dg (U,V,).dg (V,,U,),dg (V,,V, )} . The eccentricity
value of the edge feE, denoted by &,(f), is defined as
&s(f)=max{d;(f,e)|ecE}[5, 21].

The first topological index namely wiener index in chemistry is developed by
the chemist Harold Wiener [22]. The wiener index aims to sum of the half of
distances between every pair of vertices of G and it is defined as:

1 n n
W(G) =322 dav,v)).
i=1 j=1
There are a lot of topological indices were introduced after defining the wiener
index. More recently, a new topological index called eccentric connectivity index
has been investigated. The eccentric connectivity index &£°(G) was defined by
Sharma et al [15] and has been further studied by some authors [10, 11, 15, 23].
The eccentric connectivity index £°(G) for any graph G is defined as:

‘fc G)= z €s (u)dege (u).
ueV (G)
After, a new topological index, edge eccentric connectivity index, has been
studied. This index was introduced by Xu et al. [20] and has been further studied
by Odabas [4, 13], Turaci et al. [19] and Aslan [2]. The edge eccentric
connectivity index of a graph G denoted by & (G), is defined as:
gec(G): Z gG(f)degG(f)!
feE(G)
where &, (f) is the eccentricity value and deg, (f) is the degree of an edge f in
the graph G. The eccentric connectivity index and the edge eccentric connectivity
index are the distance-related topological invariants whose potential of predicting
biological activity of the certain classes of chemical compounds made them very
attractive for use in QSAR/QSPR studies [13, 18, 19].
The silicates are the largest, the most interesting and the most complicated
classes of minerals so far [8, 14]. Furthermore, the silicates are obtained by fusing
metal oxides or metal carbonates with sand, also they are building blocks of the

common rock-forming minerals [14, 16]. The tetrahedron SiO, is a basic unit of
silicates. Almost all silicates contain SiO, tetrahedral [14, 17]. In the chemistry,
the corner vertices of SiO, tetrahedran represent oxygen ions and the center

vertex represents the silicon ion. In the graph theory, we call the corner vertices as
oxygen nodes and the center vertex as silicon node [14]. We display a SiO,

tetrahedron in Figure 1.
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Figure 1. A SiO, tetrahedron in which corner vertices are oxygen vertices and central
vertex is silicon vertex.

Some of the structural units found in silicates which are called orthosilicates,
pyrosilicates and chain silicates are shown in Figure 2.

A P<{ ¥y

Orthosilicates Pyrosilicates Chain Silicates

Figure 2. Different kinds of silicates.

2. The edge eccentric connectivity index of some chain silicates networks

Definition 2.1. [8] A chain silicates network of length n symbolizes as CS, is
obtained by arranging n tetrahedra linearly. The number of vertices in CS, with

n>1is 3n+1 and number of edges is 6n. A chain silicates network of length
five is shown in Figure 3.

Figure 3. The chain silicates network CS; .

Definition 2.2. We define double chain silicates network of length n as follows:
A double chain silicates network of length n symbolizes as DCS, , also it consists

of two condensed identical silicates chains. The number of vertices in DCS, with

s 1In+7/2+1/2(-1)"

2
silicates network of length five is shown in Figure 4.

n>1i and the number of edges is 12n. A double chain
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AN,

Y Y

Figure 4. The double chain silicates network DCS; .

Theorem 2.1. Let CS, be a chain silicates network of lengthn>2. Then,

1(63n2 —42n +19) .if nisodd:
2

& (CS,) =

1(63n2 ~42n+12) ,if niseven.
2

Proof. We first label the edges of the chain silicates network CS, as in Figure 5.

Figure 5. Labeling of edges in a chain silicates network CS,, .

The degrees of every edge in the chain silicates network CS, of length n are as
follows:
degs (f,) =10, where 2<i<n-1,

degs (f,,) =deges (f,,) =7, where 2<i<n,

degcs, (f.,) =deges (f,5) =7, where 1<i<n-1,

deges (fis) =4, where 1<i<n,

degcsn ( fu) = degcsn ( fnl) =7,

degcsn (fp)= deg(:sn ( flS) = degcsn (f.0) = dchsn ( fnG) =4.

The eccentricity values of the edges in chain silicates network CS, of length n
can be derived as follows:
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&cs, (fi2) = s, (Tig) = &cs (i) =n—1+1 ' {nJ
. ,wherei<|—|.
8csn(fi1):8C5n(fi4):8csn(fi6)=n—l >

We have two cases depending on n.
Case 1. nis even.

&(CS) = Zn:[igcsn ( fij)degCSn ( fij )]

i=1 \_j=1

n2( 6
= ZZ(Z‘%S” ( fij ) degcsn ( fij )j

_ 2(§(((n_i)10*)+(2((n—i +1)7°))+(2((n —i)7*))+((n—i+1)4))j

~((3.4n)+(3.2.(n-D))

_ z[”ﬁ[m _42i +18]j _(18n-6)

i=1
= %(essn2 —42n +12).

Case 2. nis odd.
n 6

égec (CS,)) = Z[chsn ( fij)degcs,n ( fij )]
i=1 \_j=L

Let k =(n+1)/2.

6

(n-1)/2 6
=22 (Zecsn(fu)degcsn(fu)} écs, () deges ()
i \ =1 -1
Clearly, we get
&cs, (Tia) = &cs, (fia) = €cs, (Fis) = €cs, (fis) =5 (fie) =(n +1)/2,
&cs, (fi) =(n -1/2.
Thus,

- 2[(n_zl):/2(((n—i)lO*)+(2((n—i+1)7*))+(2(n_i)7*)+((n_i +1)4))j

i=1

_((3_4.n>+<s.z.<n-1»){4-7-(”7”}4-(”7”]”0-(”7‘1]}

(n-1)/2
=2| > [42n-42i +18]j—(18n ~6)+(21n+11)
i=1

(63n2 —42n+19).

N |-
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The numbers with star in & (CS,) are the degrees of f,, f,, f,, f, and f, for
. |n

ISbJ' But, degcsn(fn):degcsn(fnl) =7 and degcsn(flz) =degcsn(f13)
=degc (f,,) =dege (f,;)=4 are obtained. Therefore, we subtract (18n-6)
from the & (CS,) in the Cases 1 and 2.

The proof is completed.
Theorem 2.2. Let DCS, be a double chain silicates network of length n>4 .

Then,

2 . _ 2
37 qon+ BN +42n[” 11—84[”—11 +(102+88n){q
2 2 4 4 4

2 2
—176( 51 —84[2 J+56nPJ—mPJ , if nis odd:
4 4 4 4

£(DCS,) - o :
~18+3In+ 2 1102(n+2)| 2 [~ 204| 2
2 4 4

2
+84(n-1) HJ —16SHJ : if niseven.

Proof. We will consider two cases in which n is even and odd, separately.
Case 1. nis even.

We first label the edges of the double chain silicates network DCS, as in Figure
6. Note that we need to compute the degree and the eccentricity value of each
edge in the first and second layer of the silicates, that is, the edges f and f*, since
the other layers are symmetric. According to our labeling, if n is even, then the
number of silicates in the first and the second layer is the same which is n/2,

however, the number of silicates in the first and the second layer is LnIZJ and

[n/2], respectively, when n is odd.

Figure 6. Labeling of the edges in a double chain silicates network DCS, , where n is even.

The degrees of the edges in a double chain silicates network DCS, of even length
n are as follows for the edges in the first layer;
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d(:"gocsn ( f Ii1) =10

deQDcsn (f Ii4) = degocsn (f Iie) =7

degDcsn(f ) :degocsn(f ) =1 n

degpes (fis) =4 2

deQDcs.n (f I(n/2)1) =7, degDCSn (f |(n/2)4) = deQDcsn (f I(n/2)6) =4.

For the edges in the second layer;

deg DCS, (f,)=deg DCS, (f;)=10

degpes (fi,) =7

degDcsn ( fi4) = deQDCSn ( fis) =7 . .n
,where 1<i<—

deQ DCS, ( fi6) =10 2

degDcsn ( f12) = degDCSn ( f13) =1, degDcsn ( le) =4.

The eccentricity values of the edges in a double chain silicates network DCS of
even length n can be derived as follows for the edges in the first layer;

gDCSn (f 'iz) = gDCSn(f |i3) = gDcsn(f Ii5) =n+2-2i ] [nJ

. . , ., Wherei<| —

€bcs, (f il) = &pcs, (f i4) = &pcs, (f i6) =n+1-2i

Encs, (T i) = &ncs, (f '12) = pcs, (f115) = 2i {HJ .
. . . . , Where | — |+1<

pcs, (Ti4) = €pcs (Fi5) = épcs (fi6) =20 +1 4

For the edges in the second layer;

€pcs, (f)= €pcs, (fa) = €pcs, (f,)= €pcs, (fis) = €pcs, (fie)=n+2-2i

épcs, (i) =n+3-2i :

where i < P_‘
4

€pcs, (f) = €pcs, (fi,) = €pcs, (fa) = €pcs, (fis)= €pcs, (fig)=2i-1
gDCSn(fM) =2i ’

where PWHS i sﬂ.
4 2

},Where 1Si<2

},Where 1<i<

},where 1<i£g

IN

Since the bottom two layers are symmetric with respect to the top two layers
we multiply the eccentric connectivity index of the graph at the top two layers by

two to calculate the eccentric connectivity index of a DCS, . That is,

n/2 6
égec(DCSn) = ZXZKZSDC% (f Iij)degDCSn ( f Iij) + €pcs, ( fij)degDCSn( fij)j'

i=1 \j=1
The first and the second term of the inner summation belong to the first and
second layer of the DCS,, respectively. Now, we investigate the eccentric
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connectivity index of the edges in the first layer and denote it by EC1 then of the
second layer and denote it by EC2.

ECl= f[igocsn (f 'ij) deg DCS, (f Iij)]

i=L \_j=1

[n/4]/ 6 ni2 6
Z (ZSDCSH (f Iij)degocsn (f 'ij)] + Z (ngcsn(f Iij)degDCSn(f 'ij)J

j= i=[n/a [+1\_j=1

Al ((n+1-2i)10+ (n+2-2)7+(N+2-20)7+(n+1-2)7+(n+2-2i)4
[+(n +1-2i)7 j

+ f (2010 +7+7)+ (2i +1)(7"+4+77)) - (9n +6)

i=[n/4]+1

21n? n nl
=—6+21n+ +42(n-1)| — |—-84|—| .
2 4 4

The numbers with star in EC1 are the degrees of f',,f", f', for
|n/4|+1<i<n/2. However, dedpes (f'an)s d€Gpcs (T (n/20) and
degDcsn(f "w2s) are 7,4 and 4, respectively. Therefore, we subtract (9n+6) from
the ECL1.

EC2= f‘,[i‘gocsn (f;)degocs, ( f”)]

i=1 \_j=1

[ni4]( & n/2 6
Z (ZEDCSH ( fij)deg DCs, ( fij)] + Z ( €pcs, ( f; )deg DCS, ( fij)j
i1

i=1 i /4 j=L

:W ((N+2-20)10"+ (n+3-2i)7 + (n+2-2i)10" + (n +2 - 2i)(7+7+10)) - (3n + (3n+3) +3n)

i=1

g

+ HZIZ: ((2i 110+ (2i —1)7 + (2i —~1)10+ 2i - 7+ (2i —1)(7 +10))

i=[n/4+1
2 2
_ g NI | - 102|
2 4 4 4

Finally, if we sum EC1 and EC2 and multiply the summation by two, then we

obtain the following formula which proves the Case 1:
2

2 2
N 102(n+1) P] - 204[% +84(n—1) P J —168PJ .
4 4 4 4
Case 2. nis odd.

Similar to that used to prove Case 1.
The proof is completed.

&7(DCS,)=-18+31n+ 93

3. Conclusion

Research on the topological indices of graphs has been intensively rising
recently. The most common usage areas of these indices are networks and
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measurements of the durability of chemical graphs. In this paper, exact formulas
for the edge eccentric connectivity index of two different types of silicates
networks have been derived. Besides, we tested and verified the formulas of the
theorems for several CS, and DCS, using Mathematica. We gave a Mathematica

code in Appendix that computes the eccentric connectivity index for not only
silicates networks but any undirected graph.

In future, we are interested to study different topological indices of silicate

networks and compare the results with the edge eccentric connectivity index.

10.

11.

12.

13.

14.

15.

16.

References

Aslan E., (2015) On the fourth atom-bond connectivity index of nanocones,
Optoelectronics and Advanced Materials-Rapid Communications, 9(3-4), 525-527.
Aslan E., (2015) The edge eccentric connectivity index of armchair polyhex
nanotubes, Journal of Computational and Theoretical Nanoscience, 12(11), 4455-
4458.

Balaban A.T., Ivanciuc O., (1999) Topological Indices and Related Descriptors in
QSAR and QSPR, Gordon and Breach, Amsterdam, 21-57.

Berberler Z.N., Berberler M.E., (2016) Edge eccentric connectivity index of
nanothorns, Bulgarian Chemical Communications, 48(1), 165-170.

Buckley F., Harary F., (1990) Distance in Graphs, Addison-Wesley Publishing
Company Advanced Book Program, Redwood City, CA, 352 p.

Cayley A., (1874) On the mathematical theory of isomers, Philosophical Magazine,
47, 444-446.

Das K.C., Bhatti F.M., Lee S.G., Gutman 1., (2011) Spectral properties of the He
matrix of hexagonal systems, MATCH Commun. Math. Comput. Chem., 65, 753-774.
Hayat S., Imran M., (2014) Computation of topological indices of certain Networks,
Applied Mathematics and Computation, 240, 213-228.

Hwang K., Ghosh H., (1987) Hypernet: A communication-efficient architecture for
constructing massively parallel computers, IEEE Transaction on Computers, 100(12),
1450-1466.

Ili¢ A., Gutman I., (2011) Eccentric connectivity index of chemical trees, MATCH
Commun Math. Comput. Chem., 65, 731-744.

Kumar V., Sardana S., Madan A.K., (2004) Predicting anti-HIV activity of 2,3-
diaryl-1,3 thiazolidin-4-ones: Computational approach using reformed eccentric
connectivity index, J. Mol. Model., 10, 399-407.

Manuel P., Rajasingh I., (2009) Topological Properties of Silicate Networks, 5th
IEEE GCC Conference, Kuwait, March, 16-19.

Odabas Z.N., (2015) The Edge Eccentric Connectivity Index of Dendrimers, Journal
of Computational and Theoretical Nanoscience, 10(4), 783-784.

Rajan B., William A., Grigorious, C., Stephen, S., (2012) On certain topological
indices of silicate, honeycomb and hexagonal networks, J. Comp. & Math. Sci., 3(5),
530-535.

Sharma V., Goswami R., Madan A.K., (1997) Eccentric connectivity index: A novel
highly discriminating topological descriptor for structure-property and structure-
activity studies, J. Chem. Inf. Comput. Sci., 37, 273-282.

Stojmenovic 1., (1995) Honeycomb networks, Proc. Math. Foundations of Computer
Science MFCS’95, Lecture Notes in Computer Science, 969, 267-276.

66



H. KUTUCU, T. TURACI: THE EDGE ECCENTRIC CONNECTIVITY ...

17. Stojmenovic I, (1997) Honeycomb networks: topological properties and
communication algorithms, IEEE Trans. Parallel and Distributed Systems, 8, 1036-
1042,

18. Todeschini R., Consonni V., (2000) Handbook of Molecular Descriptors, Wiley-
VCH, Weinheim, 688 p.

19. Turac1 T., Okten M., (2015) The edge eccentric connectivity index of hexagonal
cactus chains, Journal of Computational and Theoretical Nanoscience, 12(10), 3977-
3980.

20. Xu X., Guo Y., (2012) The edge version of eccentric connectivity index,
International Mathematical Forum, 7, 273-280.

21. West D.B., (2001) Introduction to Graph Theory, Prentice Hall, NJ, 588 p.

22. Wiener H., (1947) Structural determination of paraffin boiling points, J. Am. Chem.
Soc., 69(1), 17-20.

23. Zhou B., Du Z., (2010) On eccentric connectivity index, MATCH Commun. Math.
Comput. Chem., 63, 181-198.

Appendix

The code below runs in Mathematica 10.2 for a given undirected graph G which is represented by
adjacency list.

G=Graph[{l—2, 1+~ 3, 1+=4, 23, 2++4, 3++ 4, 4+ 5, 4=6, 4+—=T, 5+ 6, 5—T7, 6T,

7+~—-8,7—9, 7~—10, 8~—9, 8—~10, 9—10, 1011, 10—12, 10 ~—13, 1113, 11— 12,
12.-.13, 14-—11, 14--15, 1416, 11 ~—15, 11 -~ 16, 15— 16, 16— 17, 16 — 18, 16— 19,

17— 18, 17~—19, 18 ~—-19, 19—5, 19-—20, 19— 21, 20—21, 20— 5, 21— 5, 21 - 22,

21.-23, 21 .-—-24, 22.-.23, 22.-24, 2324, 12+-32, 12 a3, 12— a4, a2 -—-a3, a2 — a4,

a3 ~— a4, a4 ~-a5, a4 ~— a6, a4 — a7, ab ~— a6, a5 — a7, ab~—al, a7 —ald, a7 —a%, a7 — allo,

al ~— a9, a8 — all, a% — alld, all ~—all, al0+—al2, al0-~-al3, all ~—al3, all —al2,

al2 ++al3, ald ~—-3l1l1, 314 - al15, ald »—-al6, all ~—als, all ++al6, albh~al6, al6é —al7,
al6+al8d, al6+-3l19%, 3al7 - al8, al7 »-al%, al8 ~al%, al9+ a5, al% 320, al9 - a21,

a20 +-+a2l1, a20 a5, a2l a5, a2l ~-a22, 321 »-a23, a21 - 15, a22 - a23, a22 — 15, a23 — 15}]:

A = Normal [ AdjacencyMatrix[G]] ;
n = Length[A]

ecconindex = 07

For[i=1, i<n, i++,

For[j=1+1, j=n, j++,
If[A[[L]IL03]] =1,

max = 0;
deg = Total [A[[1]] +A[[d11] -2
For[k=1, k=n, k++,
For[l=k+1, 1= n, 1++,
If[A[[K]IILIL]I] =1,
min= Min[Length[GraphPath[A, 1, k]] -1, Length[GraphPath[A, 1, 1]] -1,
Length[GraphPath[A, j, k1] -1, Length[GraphPath[A, j, 1]] -1]:
If[ max < min, max = min]

ecconindex = ecconindex + deg # max;

Print["The edge eccentric connectivity index=", ecconindex]

The edge eccentric connectivity index=4730

67



