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1. Introduction

Let G be a finite, simple connected graph. The dede@ of a vertexv is the number of
vertices adjacent te. The edge connecting verticegndv is denoted byv. If e=uvis
an edge o6, then the vertex and edges are incident as aneand e. Letls(€) denote the
degree of an edgein G, which is defined bylg(e) = dg(u) +ds(v) — 2 with e=uv. Any
undefined term here may be found in Kulli [1].

A molecular graph is a graph such that its vesticerrespond to the atoms and
the edges to the bonds. Chemical graph theorylisaach of Mathematical chemistry
which has an important effect on the developmenthef chemical sciences. A single
number that can be used to characterize some pyopethe graph of a molecular is
called a topological index for that graph. Numertasological descriptors have found
some applications in theoretical chemistry esphrialQSPR/QSAR research.

The modified first and second Zagreb indices [2]r@spectively defined as

1 1
"M, (G)= , "M, (G)= _—
©) U%G)de(u)z +(6) U\DZE(:G)dG(u)dG(V)
These indices were studied by Kulli in [3, 4].
Motivated by the definition of the modified firahd second Zagreb indices, we
introduce the modified first and secokeBanhatti indices of a graph as follows:
The modified first and secon¢tBanhatti indices of a graph are defined as

1 1
"B(G)=) —————~, "B (G)=) — .
AR N EFAC R AP T (FN
whereuemeans that the vertexand edges are incident inG.
The harmonic index of a grajghis defined as

29



V.R.Kulli

z 2
U\A]E(G ( )"' %(\0
This index was studied by Favaron et.al. [5] andrigh[6].

Motivated by the definition of the harmonic inderd by previous research on
topological indices, we now introduce the harmoKiBanhatti index of a graph as
follows:

The harmoni&-Banhatti index of a grap@ is defined as
2

Ho(8)= 2 G () (@

H(G)=

whereuemeans that the vertexand edges are incident irG.

Many other topological indices were studied, fearaple, in [7, 8, 9, 10, 11, 12,
13, 14, 15, 16, 17, 18].

In this paper, we compute the modified first ardadK Banhatti indices and
harmonic K Banhatti index of some standard graph$)C,Cg[p, g nanotubes and
TUC[p, d nanotubes.

2. Computing K Banhatti topological indices of some standard graphs
Theorem 1. Let C, be a cycle witm=3 vertices. Then

@ "B(c,)=3n @"B,(G)=5n  @H(CI=n

Proof: Let G = C, be a cycle witm = 3 vertices. Every vertex of a cydlg is incident
with exactly two edges and the number of edgé&s;iis n.

m — 1 = 1 + !
. Q(G)'ém'mzqq[%(ow(é d( b e()eJ

[ 1 1 j 1
= + n==-n
2+2 2+ 2 2

1 1

m — _ = + 1
@ "B u@zﬁ(q[de(oqs(ae g(ya()e]
:[ 1 + L ]n=—1n
2x2 2x2 2

Y TN Ry rarrey

Theorem 2. Let P, be a path witm > 3 vertices. Then
1 1 1 3 1
1) "B(R)==n+= 2)"B,(P,)==n+= (3)Hyx(P)) =n+=.
()Bl(n)z 5 (2 (n)2 2()b() 3

Proof: Let G = P, be a path withn = 3 vertices. We obtain two partitions of the edge s
of P, as follows:

Es = {e=uv D E(G) [de(u) = 1,dg(V) = 2}, |5 = 2
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Es={e=uvOE(G) |dg(u) =ds(v) = 2}, |E4] =n—3.
(1) To comput€B,(P,), we see that

”’Bl(G)=Z

1 1
INOECRCR %iq;(ow;(ee a( e()e]

*u&(de(u)ide(f 0 ¢]

(1 1 11 11
|2+ + (n-3)=—n+—,
1+1 2+1 2+ 2 X 2 6

(2) To compute"B,(P,), we see that
1

mBz(G):Z_dG(u)dG(e

‘%@[ EE e (ae}%i eTed e()i@()l
_£1>1<1+ zi 1]2+(232+ ;J(n_s)z_lzm_gz'

(3) To computeH,(P,), we see that

=

@) ad D n i ad "

Theorem 3. LetK,, be a complete graph witke3 vertices. Then
(n 1) " n 2n(n-1)
1 — (2) "B, (K,)m——— 3) H(K,)=———*

Proof: LetG = K, be a complete graph witie3 vertices. Every vertex &€, is incident
with exactlyn — 1 edges.
(1) To computéB,(K,), we see that

N L
5O 2 G v @ (3 mzaq(%(t)w;(ae & e()eJ

:( 1 .\ 1 J (n 1)=n(n 1).
(n-1)+(2n-4) (n-2+(2n- 4 2 5

(2) To computéB,(K,), we see that
1 1
+

) « 1 1
Bz(G)‘%dG(u)dG(e) u@%q( &(Y &( ¢ ‘é;()’é()e]

:[ 1 . 1 Jn(n—l): n
(n-1)(2n-4) (n-3(2n-4 2 In- 2
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(3) To computdHy(K,), we see that
2n(n-1)

(@)= e a8 I A3 e

Theorem 4. LetK, s be a complete bipartite graph witk1 < sands= 2. Then

(nmqugz( 1 ., 1_Jm (am@(&J:_LEL

r+2s-2 2r+s r+s—-2

3) Hb(Kr,S)_(r +25_2+ 2r+s— Z)Zr&

Proof: Let G = K, s be a complete bipartite graph witi+ s vertices ands edges such
that Vil =r=1, M| =s= 2r < s, V(Ko = V,UV,. Every vertex oW/, is incident with s
edges and every vertexdf is incident withr edges.

(1) To compute™B,(K,, s), we see that

N LR
5O G (9 u@zqq[de(ow(aa &( e(>e]

1 1 ( 1 1 j
= + rs= + rs.
s+(r+s-2) r+(r+s-2) r+2s—2 2r+s- 2
(2) To computd™B,(K;s), we see that

e S
(972 4 (ag u@za@[%(q (# @()’g()ej

1 1 r+s
= + rs= .
s(r+s-2) r(r+s-2) r+s—2
(3) To computeHb(Krs) we see that
1 1 ]
+ 2rs

Mo () =2 ()+dG(eg 22 (J+ q;(f( F252 28 52

Corollary 1. LetK; s be a complete bipartite graph witlket < sands= 2. Then
®

1 "B, (K if s=r,
(1) B(Kis)=5
_3s-1 ifr=1
2s—-1
r .
2 "B, (K ifs=r,
@ "By(Ks)=—
_s+l ifr=1
s-1
4r2 .
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_2(-9)
2s-1

, ifr=1

Theorem 5. Let G be anr-regular graph witlm = 3 vertices. Then
nr n

2nr
1) "B(G)=——= (2)"B,(G)=——= @) H,(G)=——.
@ "8y (C) a-2 @ %(C) 2(r-1) (3) Hs () 3r-2
Proof: Let G be anr-regular graph witm = 3 vertices ananz—r edges. Every vertex @

is incident withr edges.
(1) To computé™B,(G), we see that

e I
0= G &(s u@zqq[de(ow(aa & I e(>e]

_ 1 + 1 nr_ nr
r+(2r-2) r+(2-2)2 B-2
(2) To comput€'B,(G), we see that
1

m =N'___ - = 1 + :
BZ(G)_%dG(U)dG(é u@ze(:q[ (Y &( ¢ ‘é—:()’é()ej

:(r(;_z)n(;_ )J‘zﬁ

(3) To computeHy(G), we see that

Hb(G):Z

nr
e e b are

3. Computing K Banhatti typeindices of TUC,Cg[p, q] nanotubes

We discussTUC,Cg[§ nanotubeswhich are consisting of cycle€, and Cg. These
nanotubes usually symbolized BIC,Cg[p, q for p, g O N in whichp is the number of
octagon<Cg in the first row andj is the number of octagoi@ in the first column. The 2-
dimensional lattice of UC,Cg[p, q] is shown in Figure 1.

L] ] ]
Figurel: The graph of 23 lattice of TUC,Cq[p, q
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We determine the modified firgt Banhatti index off UC,Cg[p, g nanotubes.

Theorem 6. Let G = TUC,C4[p, q be the graph of nanotubes. Then
24 199

mBl(G) == pq+E5 p
Proof: Let G = TUC4C8[p, g. By algebraic method, we g&f({5)| = §q + 4p and E(G)|
= 12pq + 4p. From Figure 1, it is easy to see that there laeetpartitions of the edge set
of G as follows:

E,={e=uvUE(QG) |d(u) = ds(v) = 2}, [E4|=2p.

Es = {e=uv O E(G) |dg(u) = 2,dg(V) = 3}, |Es|=4p.

Es = {e=uv U E(G) | dg(u) = dg(V) = 3}, [Eel = 12q— 2.

Further the edge degree partition of the nanofWh€,Cg[p, d is given in Table 1.

do(u), ds(v)\e = uvIE(G) 2,2 (2,3) (3:3)
ds(e) 2 3 4
Number of edges 0% 4p 12pq- 2

Table 1. Edge degree partition alUC,Cg[p, q

To determin€'By(G), we see that

"0 T e %ide T T
*Eg[de(u)ide(e* 0l QZ Ei Ereren é();

1 1 1 1 1 1
= + 2p+| —+— |4p+| —+——|(12pg- 2
(2+2 2+2j P (2+3 3+§ P (34 3 J( Pa p)
‘ﬁpq EaICl
105
We determine the modified secoddBanahatti index oTUC,Cg[p, ¢ nanotube.

[EEN

Theorem 7. Let G = TUC,Cq[p, q be the graph of nanotubes. Then

16
"B:(G)=2pa+ - p
Proof: Let G = TUC,Cg[p, g the nanotubes. By using the results from the o
Theorem 6, we obtain

m — 1
(02 e %E[ CERNe ()e]
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*UEJ EaTTn ) %Ei AT e arerel

1 1 1
2p+| —+——|4p+ +—— |(12pg- 2
£2x2 2x2]p(2x3 3;*0[34 8)( Pa- 2

_2pq+——p
We compute the harmoniGBanhatti index offUC,Cg[p, g nanotube.

Theorem 8. Let G = TUG,C4[p, q be the graph of nanotubes. Then

48 398
H,(G)=— paq+—
o(G) == pa+ P
Proof: Let G=TUC,C4[p, q be the nanotubes. By using Theorem 6, we obtain

48 298

ST AT E N TR e

4. Computing K Banhatti type indices of TUC,[p, q] hanotubes.

In this section, we focus on the structures of milia of nanostructures and they are
calledTUHRGC[S nanotubes. These nanotubes usually symboliz&d)&s[p, d for any

p, g O N in which p is the number of cycle§, in the first row andj is the number of
cyclesC, is the firstcolumn as depicted in Figure 2.

B> X
éNN% 3‘

Figure 2: 2-D graph ofG = TUC,[p, q
We compute the modified firgt-Banhatti index oTUC,[p, d nanotubes.

Theorem 9. Let G be theTUC,[p, g nanotubes. Then
4 23
"Bi(G) = par 5 P
Proof: Let G be theTUC4[p, g nanotubes as depicted in Figure 2. By algebrathod,

we obtainE(G) | = 4q + 2p. From Figure 2, it is easy to see that therewoepartitions
of the edge set d& as follows:

Es ={e=uvO EG) | ds(u) = 2,ds(V) = 4}, [Es|=4p.
Ee={e=uv D EG) |dg(u) = ds(v) = 4}, [Esl=4pq — 2.
Further the edge degree partition of the nanolWh@&,[p, q is given in Table 2.
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do(U) de(v)\e = UVIE(G) (2, 4) (4, 4)
dg(€) 4 6
Number of edges pt 4pg-2p

Table 2: Edge degree partition aUC,[p, d

To compute'B,(G), we see that
m _ 1
AT TOEE
_ 1 1 + 1
u»%a[ dg (u )+de(€) &( Y+ & ?J U%EB[ dl i dle o)+ 4 )l
(1 1 1 1 y_4 23
_(2+4+ 4+ 4j4p+( 46 & J(4pq 2p) =P 30P

We compute the modified secoleBanhatti index offUC,[p, g nanotubes.

Theorem 10. Let G =TUGC,[p, q be the nanotubes. Then
1 7
B, (G)== pq+—
B,(G)=3 pa+ p

Proof: Let G = TUCp, q be the nanotubes. By using the results from tteofpof
Theorem 9, we obtain

1

"B =2 W

1

:%a[de(u)dg(e* &0 &l Q*u%a[ O dF dNd )l
:(2>1<4+ 4i J““(%e*?ﬂ“pq_ 29) :_13pq+_12p

We now compute the harmortieBanhatti index offUC,[p,q nanotubes.

Theorem 11. Let G=TUGC,[p, q be the nanotubes. Then
8 23
H,(G)== pg+—
o(G) =g Pa+ - P
Proof: LetG= TUC4[p d be the nanotubes. By using Theorem 9, we obtain

O T a8 Ha(a(d " "
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