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Abstract: One of topological indices which introduced very recently is edge versions of wiener index. Due
to the fact that vertex version of Wiener index is very important topological index, its edge versions are
important, too and they will find much applications in chemistry and mathematics such as its vertex
version. In this paper, the edge-Wiener indices of some nanotubes are computed by using the explicit
relation between vertex and edge versions of Wiener index.
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INTRODUCTION

The oldest topological index which introduced for determining the boiling point of Paraffin is ordinary (vertex)
version of Wiener index which was introduced by Harold Wiener in 1947 [1]. Every one can find so many important
researches about this version of Wiener index and its applications in chemistry and graph theory in [2-9]. If Ga
connected graph with vertex set V(G) and edge set E(G), the vertex-Wiener index was introduces as fol low:

W(G) =W,(G)= & d(xy) )

{xy} i V(G)

Iranmanesh et al. introduced edge versions of Wiener index which based on distances between edgesin 2008 [10].
Thefirst edge-Wiener index wasintroduced as follow:

Wo(G)= & dy(ef) @)

{ef}i E@G)
where
jd(e,f)+1 et f
d,(e,f)=f
o(&) } 0 e=f
Thelike-distanced; is

dfe,f) =min{d(x,u),d(x,v),d(y,u),d(y,v)}

such thate=xy and| =uv.
The second edge-Wiener index was introduced as follow:

W, (G)= & dy(ef) 3
{ef}i E(G)
where
id,(ef) et f
d,(ef)={
J(&h : 0 e=f
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Thelike-distanced, is
d, (e,f) =max{d(x,u),d(x,v),d(y,u),d(y,v)}

such thate=xy and| = uv.
Because of the fact that d; and d, are not satisfying the distance conditions, we say d; and d, arelike-distance.
Iranmanesh at al. have been found the explicit relations between vertex and edge versions of Wiener index [11]
that we use these relations for computation of edge-Wiener indices of TUC,Cg(R). We recall these relations in
below:
Therelation between vertex version and first edge version of Wiener index was introduced as follow:

Definition 1-1: [11] Let e=xy, | = uv be the edges of connected graph G. Then, we define:

d(u,x) +d(u,y) +d(v,x) +d(v,y) 1@:1 (efHy . {ef}i C

d'(e,f)= n and d"(e,f) = tdeh+1 ,{ef}ic
where

i ) if e=uv and f =xy; il id'(ef) et f

C=ie] EG) d(ux) =d(uy) =d(vx) =d(va0} DI 0 en

Also, d¢and d? do not satisfy at distance conditions then, they are not a distance and they are very similar tod; and
d, in that they both are not distance and are like-distance.
In reference [9] has been shown ds = dp, then

We(G)= §  dsle)

{ef}i E(G)

Definition 1-2: [11] Due to the distance d3, we define some sets as follow:

A, ={{e,f} i E(G)| da(ef)= d'(e’f)}

A,=i{ef}i E@G) d3(e,f)=d'(e,f)+%§

As=i{ef} 1 E(G) dg(e,f)=d'(e,f)+%§

As=i{ef}i E@G) d3(e,f)=d'(e,f)+%§

Theorem 1-3: [11] The explicit relation between vertex and first edge-Wiener index for nanotubes which have been
consisted of verticeswith degree3 and 2 is:

m 1 1
Weo(G) =— W(G)+— a4 8 dxy)- & & dxy)-—+ § =+ § =
8.v(e)yW (0) X V(G)yV (G) 4 a2 {efind

deg(x)=2 deg(x)=2deg(y)=2

Corollary 1-4: Due to the fact that there are not the odd cycles in TUC,Cg(R) nanotube, A, isempty. Then, we have
for TUC,4Cg(R) nanotube:

o 1
W, (G) = —V\L(G)+— a4 4 dxy- a a di, y)-—+ a - 4)
xIV(G) Wi V(G) xl V(Q yiV(G) {e,f}i/sg2
leg(x)=2 ()—2dea(y)=
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In addition, the relation between vertex version and second edge version of Wiener index was introduced as
follow, too:

Definition 1-5: [11] If e,fT E(G) , we define:

1 gehHy . {ef}l A _id"(ef) et f
PEDZgen+1 | {ef) A, and dfe.f)= ' 0 e=f’
The mathematical quantity d® is not distance because it does not satisfy in distance conditions. Then, we say
d? ¢islike-distance.
Due to the fact that ds = d4, then

W,(G)= & dyef)

{ef} E(G)

Theorem 1-6: [11] The explicit relation between vertex and first edge-Wiener number for TUC4Cg(R) nanotubes
which consists of verticeswith degree3and 2is:

o o m o 1
W,,(G) ——W(G)+— a a dxy)- & a dxy)-—+ a S+ ©)
8xIV(G)yN( G) xI V(G)yV (G) 4 {ef}T A3 2
deg(x)=2 deg(x)=2deg(y)=2
Corallary 1-7: [11] The explicit relation between edge versions of Wiener index is:
WeA(G) = Weo(G) + |A1| - |C| (6)

In [9], the edge Wiener indices of Zigzag nanotube such that p is even integer and q is odd integer whichpis
the number of hexagonsin arow and g isthe number of hexagonsin column Fig. 1.

Theorem 1-8: [11] The edge-Wiener number of zig-zag nanotube G which has p hexagons in a row and g hexagons
in column such that p is even integer and g is odd integer is:

i 3 3 0
+ +203-
i g4qp qp p 5 29, 15 550
i pac p -—>  .9<p
i 11 1 1- §16° 4 16%
i g q+ —p +2 pq+ -
Weo(G) =i 4
T
1
T qg. lo a8 4 1 11 6
i FLAS ZP- PEM
|

pCIgZp +3pq”- p+ pq+—+—_- pg—p

Theorem 1-9: [11] The second edge-Wiener number of zig-zag nanotube G which has p hexagonsin arow and q
hexagonsin column such that p is even integer andq is odd integer is:

p=2

level O

Fig. 1: The zigzag nanotube
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e Zap- 5p+3q3-°
: 4 87 I @ 15 550 géipq+2|00 2pq” +qp” +pg q<p
: &w P’ + —pq+—q2 31 8167 47 58 2 ?
I 4 49
Weq(G) =i
T
a3 3 2
| .
i P I p+2pq a8, 1o, aépq+2po 2pq? +qp? +pg
i Pas -p p-—&+ A7 T peg
ot & &2 o 2
T 2 4 @
MAIN RESULTS

In this section we compute the edge Wiener indices of TUC,Cg(R) and armchair nanotubes.

The first edge-Wiener index of TUC4Cg(R): Abbas Heydari and Bijan Taeri wrote a paper with subject “Wiener
and Schultz indices of TUC,Cg(R) nanotube”. Because of the formula of Schultz index, they computed the vertex
Wiener index W, (G) and é é d(x,y) in their paper [12]. We mention only the quantity of them in this
X V(G) yiV(G)
deg(x)=2
paper and omit details.
They denote TUC,Cg(R) nanotube with T(p,q) which p is the number of square in arow and q isthe number of
ép+1lu

€214

square in a column. And they assumed R =int and opted below coordinate label for vertices of T(p,q) as

showninFig. 2.

Lemma2-1-1: [12]

a a dxy)=208(- 9

X V(G) yi V(G)

deg(x)=2
where
i P o 1+(-1°
|g (2p+8)|2+(§p +2p+19 1+ (21) Ad+3p?+1+ (2 ) JI<PB
i
S0=4 Tk =}
k=0 i
® 1 1 11 1-(-DP
; 6pl2+gp2+10p %—H pP+pf+ = 3P- % 13 R
¥ et et et Ned ted T
! ! h A | L i
T ™ T . - - .
- - - " - . L - & = -
Fig. 2:
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and

3p? + 4kp+ 8k? +8k - 1+ 3———=—

1+(21) O£K<R

p® +12kp+4p- 1+

i

T (k)= }
) ,k3 P1
T

1+(-1°
2

Theorem 2-1-2: [12] The Wiener index of T(p,q) is given by the following equation:

o] o]
-q- 8p: q<Rh
I’} o

P2 a_e[ 1+(-9°9
—¢8q° +8pg® +c18p? - 5+3
3gq pqg” +cl8p’ - 5

1
i
W(p.q) =1
|
|
I\
|

TP ey gope + Hogp +1- LW 00200 0 (g (144 304 1)) ) + F- LHED 0By s p
16§ P o+ el zgpga(q( (()))e zﬂgzqql

Lemma2-1-3: Summation § & d(xy) isequal toin T(p,q):
XV (G)yV (G)
deg()2deg(y)=2

If piseven:
o o i79%- 7q+4pg+p?- 2p+1 ,q<P
4 & dxy)=| : N
AV (G)yV (G) T 3pg+p - 2p-3g+1 R
deg(x)2deg(y92
If pisodd:

°o o _i79*+q+4pg+p’- p- 2 ,q<PR
d(x,y) =
a.a a I 3pg+p>-p+39-2 ,q° R

XV (G)yV (G)
deg(x)2deg(y)=2

Proof: There exist two group of vertices which have degree 2. One group is vertices in first row and another is the

verticesin last row.
Due to the fact that the situation of all vertices with degree 2 is same, we suppose the fix vertex xisin first row.

Then, we havefor first group:

e
- 2
.'.25_3'-@ ,piseven
° T a2
a dxy)=i =,
T P
degyz } 283  ,pisodd
i=1
And we have for second group:
a) piseven:
i ” p1
j[z (39- l+|)+2a_(4q 1 +i) - (4q+—-1) q<P
a doy=p
W (T(b.0)) | . P
degtn " ; 28 (3q-1+0)- Ga+-1 a° R
i=0
b) pisodd:
i g1 p+11
;2 (3q- 1+|)+2a (49- 1+i) ,q<B
a dxy=r= 7
yN(TI(p.q» i ’f‘l
()j/égs(lyl;:azstrow ; 2a (3q_ 1+|) ,q3 El
i=0
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Therefore, we can get results with above summations.

Observation 2-1-4: The number of elements of A, isequal to: (q- 1)8 _+ p?0+ ZpEQZqO
2 2}

Dueto the fact that the number of edgesin T(p,q) is 6pg-p, we state the first edge-Wiener index of T(p,q).

Theorem 2-1-5: Thefirst version of edge-Wiener index of T(p,q) is equal to:
1 Ifpiseven:

-—p +2pg°+6pq* +2 pq S 1)"+ pq( 1)"+ pq Z+6pg° +

i
T
! 81 15 , 115 ash
i Blog+ 2 L. 320 254- 2pt+ Spig?
: P+ P - == 4p2q 4r?q p*+ =P
1
W,o(T(p.0)) =i
T
i3 o7 . L 27 35 1
'r'Ep'?Z Spac 1+ 2 pq+ q+—p2+ pzq(l)“ (1)pl el
i g% R
9
¥+zpq2'§p2q+zp3q rf+ P ¢ 1 +1800°+ 2707(- 1+ P’
2. Ifpisodd:
! -_p 2pq° 659" +pq(1)°+ pa(- 1)"+ S-p'g’ +6pg° -
;.; e
: ﬂpq Zpz-115 - 37p2q+ Fa- 2p*+ pq
i
Weo (T(p.0)) = |
1
':"'%ph:llp“%pq qu+3p3q —p’+ p(l)“+18ﬁq+27d(1)“+ P’

Proof: According to lemmas (2-1-1 and 23), theorem (2-1-2) and observation (2-1-4), we can conclude these
results easily.

The second edge-Wiener index of TUC4Cg(R): Now, due t the relations (5 and 6) and previous part, we compute
the second edge-Wiener index of TUC,C5(R).

Theorem 2-2-1: The second version of edge-Wiener index of T(p,q) = TUC4Cg(R) which p isthe number of squares
in arow and q isthe number of squaresin acolumnisequal to:
1. Ifpiseven:

-§p+2pq3+6ﬁq“+gpq2(-1)” +§pq(-1)'°+ pq +6pef + pq+ 5p
S5 e _pzq+ ﬁq 2p+3pzqz+a@pq PO 7pg’ +ap®-5pq- B - ,q<R
8 € 2 4 2

gp-gq2+—3pQ(-1)"+9p3q2+ 1pq+1rf+gp2q(- P+ (1"*1 -=p° +=p* +=
85

o
w
iy

a@pq- Po_7pg’ +op® - 5pq- p* -
2 5 2

p2q+§ q-—ﬁ+ p(1>p+18p2q3+27d( e L

i
T
T
i
R
W, (T(p.a) =i
T
i-
i
| —
i 8

2. Ifpisodd:
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27 9 3 27 47 7
-5 P +2pg’ +6 g’ *5P f(-1)° +gPac P +7p3q2 +6pg° - —pq +sz

i
: 8
i 115 3 abpq- pé  7po’+op® - 5pg- p° - o ,q<PR
i - =pq’- —qu —6q 20 + P + L B APl A t
i 8" € 2 4 2
Wy (T(p,0)) =1
g 27 ¢ 9 75 3 9 27 3 1 9
P2 + 2 lp+ 32 +2452 42 _1p+1+ 1P + e L L
=P pq( ) S PSP pﬁ( ) ( ) T 5" P M or
i , 1
i 8 3 L %Pg- po_ 7pg’ + 5
}-gpzw— pq - —rf+ p(l)"+18|fq +27G(- 17 +2 P e Pa” + " R F-d
e ﬂ

Proof: The number of edges of T(p,q) nanotube with p sguares in a row and g squares in column is 6pg-p. In
molecular graph of this nanotube we have: E(G)=A, E A, and

7pg’ +qp’ - 5pq- p°- o
2

|A3| =

Therefore, according to reference [10] and

|A|=6@pq- Pé 7pgf+ap*-5pq- B-
e 2 5 2

the We4(G) computed easily by relation (6).

CONCLUSIONS

The First and second edge-Wiener indices of TUC,Cg(R) is computed by using the explicit relation between

vertex and edge versions of Wiener index and they are stated as the mathematical formulas.

=

o g

10.

11
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