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ABSTRACT

In this article, we determine the distance-based topological indices such as Wiener index, Hyper Wiener
index, Vertex Szeged index, Edge Szeged index, Edge-vertex Szeged index, Total Szeged index, and
Padmakar-Ivan index of a Nanorod graph constructed from NaOH concentration. Additionally, we
compare the numerical values of these distance-based topological indices
with k = 0.1,0.09,0.08,0.07,0.06,0.05,0.04,0.03,0.02 and 0.01.

Keywords: Nanorod graph, Wiener index, Hyper Wiener index, Vertex Szeged index, Edge Szeged
index, Edge-vertex Szeged index, Total Szeged index, Padmakar-Ivan index.

AMS Subject Classification: 05C90, 05C92

INTRODUCTION

For notation and graph theory terminology not provided here, we refer to [Gary Chartrand,2006]. In recent years,
graph theory has generated significant interest in the field of mathematical chemistry, attracting mathematicians to
formulate chemical structures and material properties. Chemical graph theory has numerous real-life applications
and has gained popularity among researchers. A topological index is a numerical invariant of a molecular descriptor.
It is also referred to as a graph-theoretic index, representing a numerical quantity associated with the molecular
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graph structure, which corresponds to unique chemical and physical properties. Topological indices can be
categorized into different classes, including distance-based, degree-based, and eccentricity-based indices [Sowmya,
2020]. The Wiener index is the oldest topological index, which is the sum of distances between all pairs of vertices in
a graph. This index was also shown by Harry Wiener to correlate well with various properties of alkanes in a series
of research articles published from 1947 to 1948 [H.Wiener,1947 and Wiener H, 1948]. The Wiener index gained the
great interestamidst of mathematicians around 1970 when it was introduced in graph theory under the name
'distance of a graph' [Plesnik ], 1984; L.Solts,1991;Entringer R.C.1976] and further studied in the form of the average
distance of graphs [Chung F., 1988, Sanja S, 2018]. Some examples of distance-based topological indices include the
Wiener index, Moster index, Edge Wiener index, and Szeged index, among others. In this study, we analyze
distance-based topological indices for optical properties of a Nanorod graph. The authors Sonia et al. [Sonia, 2014]
previously investigated the bioactivity of CuO Nanorods prepared under various concentrations of NaOH. The
Nanorod graph was defined and generated by S. Sobiya, S. Sujitha, and M.K. Angel Jebitha using the methodology
outlined in [Sonia, 2014], and various graphical parameters were studied in their previous work [S.Sobiya, 2023].
The distance is known as the shortest path and is denoted by d(u,v) and the open neighborhood N¢, (v) is the set of
vertices adjacent to v and an edge e = uv € E(Gy,).
Nu(elGyy) = {x € V(Gny): d(u,x) < d(v,x)}
M, (elGyy) = {f € E(Gyy):d(u, f) <d(v, )}

The Cardinality of N,(e|Gy,) and M,(e|Gy,) is denoted by n,(e|Gy,) and m,(e|Gy,) respectively.[Micheal
Arockiaraj,2019]

The Wiener index was introduced by Harry Wiener in 1947 and defined it as the sum of half of the distance between
every pair of vertices in a graph.

(i.€) W (Gnr) = 5 Zuve Gy AW V)

The Hyper Wiener index is

WWGn) =5 Y 1d@v) + (@)Y
U,VEE(GNy)
The Szeged index was introduced by Gutman in 1994 [I. Gutman,1994] and named as Gutman index. Later it is
known as the Szeged index.
The Vertex Szeged index is
52,(Gy,) = Z ny(elGyr)n, (el Gyy)
e€E (Gnr)

The Edge Szeged index is
52,(Gyy) = Z my (elGyr)m, (elGyr)
e€E(Gnr)

The Edge-Vertex Szeged index is
1
Szeo(Gu) =5 D [l Imy(elGny) + o el Gy (elGr)

e€E (Gnr)
The Total Szeged index is
52;(Gyny) = 52, (Gny) + 52 (Gyr) + 252, (Gyy)
Padmakar V. Khadikar and Ivan Gutman [P.V.Khadikar,2000] introduced the Padmakar-Ivan index as,
PIG) = D [my(elGny) +my(elGu)]
e€E(Gnr)
2 NANOROD GRAPH
The Nanorod graph, denoted asGy, is a simple connected graph with a vertex set V(G) = {vy,v,,v3, ....v,} and an
edge set E(G) as defined in [S.Sobiya, 2023]. In Gy, the vertices correspond to different NaOH concentrations, and an
edge exists between two vertices if they correspond to the UV spectrum parameters (pH, temperature, time, volume
of solvent in a given ratio) associated with those NaOH concentrations. To construct the family of Nanorod graphs,
various step values can be employed. In this article, we utilize ten step values denoted by 'k’ (k =0.1, 0.09, 0.08, 0.07,
0.06, 0.05,0.04, 0.03, 0.02, and 0.01).The order of the Nanorod graph, represented as 'p,' is determined by p =l% + 1J,

while the size is 'q,' and the reaction time is 't." In our study, we set t = 2 hours and a pH value of 12 to calculate the
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topological indices. This article aims to determine various distance-based topological indices of the Nanorod graph
Gy, considering its order (p), reaction time (t), and pH value.

Figure 1 shows a Nanorod graph with step value k = 0.1
3 THE DISTANCE BASED TOPOLOGICAL INDICES OF A NANOROD GRAPH
In this part, we will derive formulae for distance based topological indices , including the Wiener index, Hyper
Wiener index, Edge-Vertex Szeged index, Edge Szeged index, Total Szeged index, and Padmakar-Ivan index, for a
Nanorod graph.
Theorem 31 For a Nanorod graph Gy the Wiener index is

[£2 4 23 - L2 1 20 ] Lgize(q)if k =0.0,n=t— 1,k =009,n =tk =008,
1.5 pH pH pH pH 2
n=t+landk =0.07,k =t +2
p? _ 2 5, 15p  31p 45p — — — —
W(Gyy) = [O.SpH il +pH o ]+ size(q) if k =0.06,n=t—1,k = 0.05,n=tand
k=004n=t+1
2 36.7, 77.5 57.2, 4.5
[o.ng pHp z—p—Hp pp p]+ size(q) if k =0.03,n=t—1,k =0.02,n =t and

k=001n=t+1
Proof. We know that the Wiener index of a Nanorod graph Gy, is

1
WG =5 Y dwv)
u,veV (Gyy)
It can easily see that, the distance between any of any vertices of a Nanorod graph is either one or two
Case(i) d(u,v) =1 forallu,v € V(Gy,) and for all k

In this case, W (Gy,) = %Zu,veV(GNr) d(u,v)
1
= E[d(ui,vi) + o duy,vy) o+ d(ug, vy) 0]

= L 1+1
=+ 1+]
1
= Esize(q)
Case(ii) d(u,v) =2 forall u,v € V(Gy,) and for different k
Subcase a) When k = 0.1,0.09,0.08,0.07

1
WGy = E[d(ui,vz) + ot duy,vg) + ]
1
=§[2+2+2+"""]
1
E[3p+p—(n —6n%—15n— 8)+—5]

4.5 6 15 8
= [—p+£n3 — P e +_pn__p]
1.5 pH pH pH pH
Subcase b) When k = 0.06,0.05,0.04

W(Gy,) = %[d(ui,vz) + o+ d(uy, vg) + ]

1
=s2+2+24 ]

p . P
[Bp+] H[O —(2n?—-15n-31) + 5]
p? 2p N 15p  31p 45p

05pH pH" "TpH" pH T 15

NI)—‘

= [
Subcase c) When k = 0.03,0.02,0.01

W(Gyr) = %[d(ui,vz) + ot dug,vz) + ]

1
=s2+2+24.]
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1
=[3p+ [piH [+ (36.7n = 77.5n + 57.2) + ]2

z 36.7 77.5 57.2p 4.5
_y p P, Pn+ P+ P]
0.5pH pH pH pH 1.5

From Case(i) and Case(ii)
« W(Gy,)for the Nanorod graph with step value k = 0.1,0.09,0.08 and 0.07
_[45p P 5 6D , 15p 8p 1

W(Gy,) = 15 +pHn o +— oH " pH + 5 size(q)

=« W(Gy,)for the Nanorod graph with step value k = 0.06,0.05,0.04
2
p Zp 15p 31p 4.5p

W(Gny) = [0 5ol pHn +— pH ] NETI D) stze(q)

« W(Gy,)for the Nanorod graph with step value k = 0.03,0.02,0.01

2
W(Gy,) = [O.EpH 32';19 n? — 7;}3}911 + 5;;? 415;9] + = size(q)
Theorem 3.2 LetGy, be a Nanorod graph. Then the Hyper Wiener index is
WW(Gyy)
2 4 90.75p
[pHZ n®—6n%+15n—8)% + a5 H(n —6n?%+15n—8) +p—(n —6n’+15n—8) + 3375
+3.6667 + Slze(q)(l; S12e@) e 01—t -1k = 0.09,n = £,k = 0.08,n = ¢ + 1 and
k=007,n=t+2]
4p? , 2p , 22
p[—W(Zn —15n+31)+—— QH)? (2n? —15n +31)% — asp H(Zn —15n+431) —
= 1 2p3 11p? 39p P size(q)(1 + size(q))
p—H(an —15n+31) + 0.25) (i)? + 0375k toet Os)pH + 3.6667] + 5
ifk=006n=t—1,k=005n=t andk =0.04,n=¢t+1
1346.89p , 5688.5p 3 10204.73p 734p* 155p2 p3 114.4p? 3271.84p
pHZ " T pHE T T pHE 0 )M (05)(pH? " (025)pH)? | 05)@H) | (pH):
3303p , 367 , 697.5p 77.5 9p? 84.525p 20.25p 57.2 size(q)(1 + size(q))
n“+—n‘———~——n——n+ + + +—+3]+
(1.5)pH pH (1.5)pH pH (0.75)pH * (0.75)pH = 2.25 pH 2

ifk=003n=t—1,k=002,n=tandk=00L,n=t+1
Proof.We know that the Hyper Wiener index is

1
W Grr) = Z [d(u, v) + (d(u,1))?]
u,vEE(Gny)

Since the distance between any pair of vertices of a Nanorod graph is either one or two, we have two cases.
Case(i) d(u,v) =1 forallu,v € V(Gy,) and forall k

In this case, WW (Gy) = 5 Zuver(oy,) [d(u. v) + (d(u, l7))2]

%[[d(u1:171) 4o duy vy) + o AU, vp) F ] [d g, vp) + o F d(up,vp) F o d (U, ) + o0 )P
= 1[[1 +1+nl ]+ [1+14 007
B size(q)(1 + size(q))
- 2

Case(ii) d(u,v) = 2 forallu,v € V(Gy,) and for different k
Subcase a) When k = 0.1,0.09,0.08,0.07

1
WW(Gy,) = E{[d(uhvz) + ot dUy, v3) ot ]+ [d(ug, v5) + o+ d(up, v3) + ST L3}
Al G- s B oo (oo a0 2]
—2{[3p+(pH(n 6n?+15n—8) + 2+ |3p+ (n®—6n%+15n 8)+15 4
P (n®—6n%+15n—8)% + (n®—6n2+15n—8) + 1( 6n?+ 15 8)+9075p+36667
p[sz n n n a. 5) 7@ n? n— n® — 6n? n-— 3375 .

Subcase b) When k = 0.06,0.05,0.04
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WW (Gyy) = ={[d(uq,v5) + -+ d(uy, v3) + - LAy, v) + o+ d@Ug, vs) e 1)
_ = PP _ _ p p(P _ _ P 2
{[ <pH<O == (2n? —15n + 31)) 5)]2 +[3p+ < <0 - (@n?—15n+ 31)) + 5)] 4
2p
— _ 2 — - 2 _
=p[- (0.5) HZ( 15n+31)+( e (2n%?—-15n+31)2 — a5y H(Zn 15n+ 31) pH(Zn 15n + 31)
2p3 11p? 39p p
T 025)(pH?2 T 0375)pH Ospn T 366671
Subcase ¢) When k = 0.03,0.02,0.01
1
WW(Gy,) = E{[d(ui' )+ F d(Uy, vg) e ]+ [d (g, vp) + o+ d Uy, vg) + I L
1 14 14
—E{[3p + <p_<_+ (36.7n%* — 77.5n + 572)) +1—5>]2 +[3p
+ i P (36.7n% — 7750+ 57.2) | + L= )24}
0.5 1.5
1346.89p , 56885p , 10204.73p 73.4p ,  155p? p? 114.4p2
= n* — n’+ + n® — n+ +
pH? pH? pH? (0.5)(pH)? (0.5)(pH)? (0.25)(pH)? * (0.5)(pH)?
3271.84p 3303p , 367 , 697.5p 77.5 9p? 84.525p 20.25p 57.2
wH)? T a5pH' T oH " TaspH' pH T (075)pH " (0.75)pH " 2.25 ' pH
+ 3]

Therefore, from Case (i) and Case(ii)
=« W(Gy,)for the Nanorod graph with step value k =0.1,0.09,0.08 and 0.07

P 3 _ a2 _8)2 4+ _ (3 -
WW (Gyy) = p[sz (n® —6n*+ 15n—8)* + @ 5) 7 (n®—6n%+15n-28) + (n 6n>+ 15n—8)+
size(q)(1 + size(q))

90.75p
3375

+ 3.6667 + 5
~ W(Gy,)for the Nanorod graph with step value k = 0.06,0.05 and 0.04
WW (Gy,) = P° on? 15 +31) + —2P (2n? — 1504317 - 2P nP = 1504 31)
v =Pl Gapm " @HY? o @s)pH " "
! (2n%?—15n+31) + 2p° L1p® +39p+ P L 36667
TRl n (025)(pH)? | (0375)pH Os)pn T 366671
size(q)(1 + size(q))
+ 2
=~ W(Gy,)for the Nanorod graph with step value k = 0.03,0.02 and 0.01
_ 134689p , 56885p . 10204.73p 734p* 155p2 p3 114.4p?
WW ) =P = M T s em? 0902 020H? T 050H?
3271.84p 330.3p 36.7 697.5p 77.5 9p? 84.525p 20.25p 57.2

2 2 _ - —
@m? aspH" TpH Y TaspR"  pH " ©075pH T 0750 T 225 T pH

+3)+ size(q)(lz-l- size(q))

Theorem 3.3 For a Nanorodgraph Gy,, the Edge-Szeged index is

21823 24325 2299543 378245 2585746 157
et ns + ot nt+ n2 — 215519n — 2 n5 4 537pn*

— 2% 3 + 13420pn? — 24928pn + 14220p + 63135 — > n320n- o + 2ip2p0@n-1

-2 z(zn D 4 (183)2@n-D 4 (2n% — 4n + 20)p2@n-D + 8n3p? + 64n2p? — 80np +800p?

ifk=01n=t—1,k=009n=tk=008n=t+1landk =007,n=t+2

237650 ¢ 695945 ¢ 16311671 4 14332214 3 60477935 o 28679549

S2,(Gyy) = —9n+2n— 9n+ s - 9n+ A
—1346634 + 5960pn — 305533pn* + =3 + 365899 2 4 3871420 ) _ 111181p
+650p?n* — 2855p?n3 + 8737pzn2 —12833p%n + 12749p?
ifk=006n=t—1,k=005n=t,k=004n=t+1andk =003 n=t+2
2088627p*n? —96767pn? — 2100113p?n + 298308pn — 140612p + 476956p? + 650n? — 3632n
+4920 if k=0.02,n=t—1andk=0.0,n=t
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Proof. Weknow that the Edge-Szeged index of a Nanorod graph is
5z,(Gyy) = Z my (e|Gyr)my (el Gyy)

eEE(GNr)
Case(i) When k = 0.1,0.09,0.08,0.07
157 525 1744
my(elGy,) = —Tn3 + Tn2 ——3n+345+ 207D 4 (4n + 40)p

139 321 949
m,(e|Gyy) = [—Tn3 + —n?— =N + 183 + (2n% — 4n + 20)p]

2
Sz, (Gny) = my(elGyr)my (elGyy) + ma(e|Gyrdma(elGyy) + - e
157 , 525 , 1744 (2n-1) 139 321 , 949
=|-—n’+——n®———n+345+2"" +(4n+40)p][——n + ——n®———n+183
6 2 3 6 2 3
+ (2n%? —4n + 20)p]
_ 21823 24325 2299543 , 378245 . 2585746 , . .. o 7P o con 4 90620,
B i %" z " s " 139 ' 323in pg49 ’
+13420pn? — 24928pn + 14220p + 63135 ———n32@n-D ¢ Tnzz(zfl—l) - Tnz(zfl—ﬂ
+(183)2@n-D 4 2n% —4n 4+ 20)p2@nD 4 8n3p? + 64n2p? — 80np? + 800p?

Case(ii) When k = 0.06,0.05,0.04,0.03

490 2363 14515
my(e|Gy,) = [—Tn3 + Tnz —— N + 1422 + (50n? — 135n + 209)p]
5251
m,(e|Gy,) = [Tn3 —961n% + —3 n- 947 + (13n? — 22n + 61)p]

52,(Gyr) = my(e|GyrImy(elGyy) + my(e|Gy)my(elGyr) + oo e e
490 2363 , 14515 5 485 , , 5251
[ n+ 1422 + (50n“ — 135n + 209)p] [Tn3 —961n° + —3 n- 947

34— —
3" T2 N TG
+ (13n2 — 22n + 61)p]
237650 , 695945 . 16311671 , 14332214 , 60477935 , 28679549 s
B n° + R ) n*+ 3 n° — 9 n‘ + 3 n — 1346634 + 5960pn
1101807 365899 1387142
~ 305533pn* +—— P34 - Przy . P
+ 8737p*n? — 12833p?n + 12749p?
Case(iii) When k = 0.02,0.01

n —111181p + 650p*n* — 2855p?n3

my(e|Gyy) = [—25n+ 82 + (3067n —2021)p]
m,(e|Gy,) = [-26n+ 60 + (681n — 236)p]
5z, (Gny) = my(elGyr)my (el Gyy) + ma(e|Gyr)ma(elGyy) + - e
= [-25n+82 + (3067n — 2021)p][—26n + 60 + (681n — 236)p]

= 2088627p*n? — 96767pn* — 2100113p*n + 298308pn — 140612p + 476956p"2 + 650n"2
—3632n + 4920
Theorem 3.4 Let Gy, be a Nanorod graph. Then the Edge-vertex Szeged index is
Szey (Gyr)
11805 B s 18007y O7537 o 35TIOD SIS 6222~ T2 s 1 1284pmt — 1431pm3
236 2 36 6 18 3 6 P p

7013
+1630pn? — 3 Py 1412p + 2p°n* — 6p2n3 + 32p*n? — 36p*n + 80p?]
ifk=01n=t—1,k=009n=tk=008n=t+1landk=007,n=t+2

631955 . 2509303 . 36159386 , 29767028 . 119118809 , 9009719
n> — - + ne —

! + 1222577 4+ 23729 s
)2t s 6 9 " 3 " 18 2 " 6

574684 488541
—29161pn* + Tprﬁ — 1199376pn? + %n — 114737p + 91p?n* — 219p?n® + 1031p2n?
—1141p*n + 2318p?] if k=0.06,n=t — 1,k = 0.05,n =t,k = 0.04,n =t + 1 and
k=003n=t+2
[~1118n% + 1930n + 1500 + 2087pn? + 88019pn — 48320p + 712326p2n? — 728323pn

+166852p*]if k=0.02n=t—1landk =0.0L,n=t
Proof. We know that the Edge-Vertex Szeged index of a Nanorod graph is

N =
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Szev (GNr) = %ZeEE(GN,)[nu(elaNr)mv (elaNr) + nv(elaNr)mu(elaNr)]
Case(i) When k = 0.1,0.09,0.08,0.07
27

5 113

n,(e|Gyy) = —gn3 +7n2 —Tn+ 34+ (n®>—n+4)p
157 525nv(€|61’\§74)4= ‘

my(elGyy) = —Tn3 + Tn2 ——3n+345+ 2Gn=D 4 (4n + 40)p

139 321 949
my(e|Gyy) = —Tn3 +—n? ——n+183+(2n2 —4n+20)p

2 3
1 5 27 113
826y (Gyy) = E[(_€n3 + 7n2 ——n +34+(n?—n+ 4)p) (m,,(eIGNr)

139 3 321 2 949 2 157 3 525 2 1744
=—Tn + Tn ——n+183+(2n —4n+20)p)]+[(0)(—Tn +Tn —Tn

+ 345 + 22D 4 (4n + 40)p)]

1695 893 . 118907 . 67537 . 357169 , 52945 . W% . o o
236 T2 36 6 " 18 n 6 " pn pn

7013
+ 1630pn? — L 1412p + 2p*n* —  6p?n3 + 32p*n? — 36p*n + 80p?]

Case(ii) When k = 0.06,0.05,0.04,0.03

1303 2592 14225
ny(elGy,) = nd — n?+ e - 1291 + (7n? — 5n+ 38)p

2

6 2
n,(e|Gy,) =0
490 3 2363 , 14515 2
my(e|Gy,) = -3 n +Tn —— " + 1422 + (50n° — 135n+ 209)p
485 5251
my(e|Gyy) = Tn3 —961n? + —5 n- 947 + (13n? — 22n+ 61)p
1 (1303 2592 14225 485 5251
826y, (Gyy) = E[( z nd — > n? + e - 1291+ (7n?> —5n + 38)p) (Tn3 —-961n% + —5 N
. 490 3 2363 , 14515 2
—947 + (13n* - 22n+61)p +(0)(—Tn +Tn “ % n+ 1422 + (50n
— 135n + 209)p)]
1 631955 2509303 p 36159386 4 29767028 119118809 . 9009719
=515 né — n® + n* — 3+ n’————n+ 1222577
23729 574684p 488541p
+ n5—29161pn* + Tn3 —1199376pn? + —n- 114737p

+ 91p?n* — 219pn3 + 1031p?n? — 1141p?n + 2318p?]
Case(iii) When k = 0.02,0.01
n,(e|Gyy) = 43n+ 25+ (1046n—707)p
n,(elGy,) =0
my(elGyy) = —25n+ 82 + (3067n — 2021)p
m,(e|Gyy) = —26n + 60 + (681n —236)p

1
Sy (Gyr) = 5 [(43n 425 + (1046n — 707)p)(~26n+ 60 + (681n — 236)p) + (0)(~25n +82 + (3067n — 2021)p)]

1
=3 [-1118n2 + 1930n + 1500 + 2087pn? + 88019pn — 48320p + 712326p*n? — 728323p*n + 166852p?]

Theorem 3.5 If Gy, be a Nanorod graph, then the Total Szeged index is
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1251 26111 403075 601136 1842887 699502 463
——n®-—= 5 A 4 — . 3 A Z_ : ——pns+1821pn4

81788

— 22803 4 15050pn? — 22 pn + 15632p + 69357 + 2p2n4 + 2p2n® + 96p2n
—116p?n + 880p% — 22 32(2" D 4 Zop2pCn-1) _ 2 pp0n-1) 4 18320n—1)

+(2n2 — 4n + 20)p2@n-1 sz = 0.1,n—t—1,k = 0.09,n— t,k=0.08n=t+1and
k=007k=t+2

S5z, (Gy,) = 153255 nb — 2103734 5 4 8615905 4 ol 4493gn3 % 2+825196 124057
+ 222 pnS — 334694p + ‘”5478919 L szoourp n—225918p

+741p*n* — 3074p?n3 + 9768p*n? — 13974p?n + 15067p?
ifk=006n=t—1,k=005n=tk=004n=t+1andk =003,n=t+2
532n? —1702n + 6420 — 94680pn? + 386327pn — 188932p + 2800953p>n?
—2828436p°n + 643808p? if k =0.02n=t—landk=00lLn=t¢
Proof. We know that the Total Szeged index of a Nanorod graph is
52(Gnr) = Sz,(Gny) + S2o(Gyy) + 252, (Gyy)
Case(i) When k = 0.1,k = 0.09,k = 0.08,k = 0.07

5z,(Gyy) =0
21823 24325 2299543 378245 2585746 157p

S52,(Gyy) = 36 n® — 2 n’+ 36 n*— > nd+ 5 2—215519n—Tn +537pn*
321

9062 139
- Tpn3 + 13420pn? — 24928pn + 14220p + 63135 — Tn32(2n—1> - n22@n-1

949
- Tnz(zfl—ﬂ +(183)227 D 4 (2n? — 4n + 20)p2@D + 8n3p? + 64n%p? — 80np? + 800p2
1 695 893 118907 , 67537 . 357169 52945 149
—n

il S P - 2_ 222 -
S§Zey(Gyyr) = 2[3611 2n+ T 3 n3+ 8 " 3 n+6 6

+ 1284pn* — 1431pn3 + 1630pn? — 7013pn + 1412p + 2p*n* — 6p?n3 + 32p?n?
— 36p?n + 80p?]
S2,(Gu) = 0+ 21823n6 ~ 24325n5 N 2299543 L 378245 - 2585746n2 155107 — @ns 4 537pnt
36 4 36 2 9 3
- @rﬁ + 13420pn? — 24928pn + 14220p + 63135 — %rﬁz@n—ﬂ + %nzz(zfl—ﬂ
949

n2@ =D 4 (183)2@"D 4 (2n2 — 4n + 20)p2@* D 4+ 8n3p? + 64n%p? — 80np? + 800p2
. 2[1 [@ " %ns . 118907n4 ~ 67537n3 . 357169 . 52945 by @ns
2'36 2 36 o1 36p 18 6
+ 1284pn* — 1431pn3 + 1630pn? — n+ 1412p + 2p?n* — 6p?n3 + 32p?n? — 36p%n + 80p?]]
1251 26111 403075 601136 1842887 699502 463

6 __ 5 4 _ 3 2 _ 5 1821 4
o N 4n+6n 3n+6n 3n6p+ 821pn

13355 81788
-—3 Posy 15050pn? — pn+ 15632p + 69357 + 2p2n* + 2p*n3 + 96p?n?
321 949

— 116p*n + 880p? — %rﬁz@"—ﬂ +—-n?2@nn - —-n2@Y + 18320070

+ (2n% — 4n + 20)p2@n-V
Case(ii) When k = 0.06,k = 0.05,k = 0.04,k = 0.03
5z,(Gyy) =0
237650 _ 695945 _ 16311671 , 14332214 , 60477935 , 28679549
S5z.(Gyny) = — 5 nb + S - 5 n* + 3 nd — n? + z n — 1346634
1101807 365899 1387142
+5960pn® — 305533pn’ +—— L - Pz y > P

— 2855p?n3 + 8737p*n? — 12833p?n + 12749p?

n—111181p + 650p?n*
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1 631955 . 2509303 . 36159386 , 29767028 . 119118809 , 9009719
Szev(GNr)ZE[ n- - n- - -

18 6 9
23729p 488541p
+ 1222577 + n5 —29161pn* + n3 —1199376pn? + — N
- 114737p + 91p*n* — 219p?n3 + 1031p?*n? — 1141p°n + 2318p?]
237650 695945 16311671 , 4 14332214 , 60477935 , 4 28679549
- n — n

§z.(Gyy) =0+ — 5 n® + > n®

+ 5960pn> — 305533pn* +

574684p

n — 1346634

1101807 365899 1387142
> Pody Pz y 3 P 111181p + 650p?n*
1 631955 2509303 36159386
— 2855p?n3 + 8737p%n? — 12833p?n + 12749p° + Z[E[ 18 nb — n
29767028 . 119118809 , 9009719 23729
- n° + - n+ 1222577 +
18 2
2 488541p 2,,4 2 2.,2 2 2
—1199376pn +fn —114737p + 91p*n* — 219p*n3 + 1031p?n? — 1141p°n + 2318p?]]

156655 210734 6615905 1837061 825196 59489
Sz.(Gyy) = nb — ns+ n* —5144938n3 — I n?+ 3T 124057 +

18
., 4454789 . 6830357p , 4239907p
— 334694pn* + 3 pn° — 3 n“ +

+9768p?*n? — 13974p®n + 15067p?
Case(iii) When k = 0.02,k = 0.01

n5 4

574684
n5—-29161pn44-———§——9n3

5

pn

n—225918p + 741p3n* — 3074p?n3

5z,(Gyy) =0
Sz,(Gy,) = 2088627p*n? — 96767pn* — 2100113p?n + 298308pn — 140612p + 476956p"2 + 650n"2 — 3632n
+ 4920

[-1118n2 + 1930n + 1500 + 2087pn? + 88019pn — 48320p+  712326p*n? — 728323p?n

+166852p?]
Sz,(Gyy) = 0 + 2088627p*n? — 96767pn? — 2100113p?n + 298308pn — 140612p +  476956p + 650n% — 3632n

1
+ 4920 + Z[E[—1118n2 +1930n+ 1500+ 2087pn? + 88019pn — 48320p + 712326p*n?

— 728323p?n + 166852p?]]
Theorem 3.6 For a Nanorodgraph Gy, the Padmakar-Ivan index is

2693
—Tin3+ﬂ&ﬂ——§—n+&8+2m%n+2mﬂ+6%

ifk=01n=t—1,k=009n=tk=008n=t+1and
k=007n=t+2

N =

Sz (GNr) =

PI(Gy,) = 5 4013
(Gnr) —§n3+4Mn2——§—n+4%4wﬁmﬂ—15wn+2ﬂm

ifk=006n=t—1,k=005n=tk=004n=t+1and
k=003n=t+2
—51n+ 1424+ 3748pn—2257p if k=0.02,n=t—1landk=001,n=t
Proof. We know that the Padmakar -Ivan index of a Nanorod Graph is
PIGu) = ). [my(elGur) + myelGar)]

e€E(Gnr)

Case(i) When k = 0.1,0.09,0.08,0.07
157 525 1744

mﬂﬂGM)=—7;n3+7TnL—j;ﬂrHM5+ﬂm”)+Mn+4®p
139 ., 321 , 949 .
m,,(eIGNr)=—Tn +Tn —Tn+183+(2n —4n+20)p
157 . 525 , 1744 (n-1) 139 , 321 , 949 5
PI(GNr)z_Tn +T7’l —Tn+345+2 +(4Tl+40)p+—TTl +T7’l - Tn+183+(2n —4n
+20)p

148 2693
=—7;n@+u&ﬂ——§—n+ms+2@%ﬂ+2mﬁ+6w

65894



http://www.tnsroindia.org.in

International Bimonthly (Print) — Open Access

Indian Journal of Natural Sciences www.tnsroindia.org.in ©I[JONS

Vol.14 / Issue 81 / Dec / 2023 ISSN: 0976 — 0997

Sobiya et al.,
Case(ii) When k = 0.06,0.05, 0.04,0.03
490 . 2363 , 14515 ,
my(e|Gyy) = -3 n +——n°— n+ 1422 4+ (50n® —135n + 209)p
485 , 5251 ,
my(e|Gyy) = Tn3 —961n? + —5 n- 947 + (13n? — 22n+ 61)p
490 2363 14515 485 5251
PI(Gy,) = —Tn3 + Tnz - n+ 1422+ (50n% — 135n+ 209)p + Tn3 —-961n% + —5n- 947 + (13n?
—22n+61)p

5, , 4013 .
=—§n +441n —Tn+475+63pn —157pn+ 270p

Case(iii) When k = 0.02,0.01
my(e|Gy,) = —25n+ 82 4+ (3067n — 2021)p
m,(e|Gy,) = —26n+ 60 + (681n — 236)p
PI(Gyy) = —25n+ 82 + (3067n — 2021)p + —26n + 60 + (681n — 236)p
= —51n+ 142 + 3748pn — 2257p

OBSERVATION 3.7

For the Vertex Szeged index, we take any pair of vertices u, v € Gy, and find the distance of d(u,x) and d(v, x) and
then verify whether d(u, x) < d(v,x)and d(v,x) < d(u,x). But in the Nanorod graph, we can observe that, d(u, x) <
d(v,x) and d(v, x) = d(u, x). Since the condition d(v, x) < d(u, x) is not satisfied for the Nanorod graph, the Vertex
Szeged index is zero.

The table below displays numerical values of distance-based topological indices, including the Wiener index, Hyper
Wiener index, Vertex Szeged index, Edge Szeged index, Edge-Vertex Szeged index, Total Szeged index, and
Padmakar-Ivan index, for various step values of k: 0.1, 0.09, 0.08, 0.07, 0.06, 0.05, 0.04, 0.03, 0.02, and 0.01.

Step value k W (Gnr) WW (Gnr) 52 (Gnr) $Zey (Gnr) Sz¢(Gnr) PI(Gny)
0.1 80.1667 9347.7778 210351.75 13494 211163.75 998
0.09 92.5 12244.3055 428301 115604 —319129.667 1194
0.08 115.8333 18196.3056 1684050.25 697274.25 3176945.75 1824
0.07 158.1667 | 47820.4444 5855509.67 2667613 10905090.3 —2660
0.06 229.6667 | 68936.1111 21610278.7 —12518451.6 —3426624.56 4152.6667
0.05 313.1667 | 147771375 34203854 —52001264.5 —71010645.9 6060.3333
0.04 462.1667 | 323236.333 —208527539 —100360911.5 —571577797 24834
0.03 948.7 712407.39 —1.51900794e9 | —112150783 | —6.87964558e9 | 100223.667
0.02 2144 3681383.22 2.69318726€9 437258264 3.56770479e9 113407
0.01 8715.0833 | —342714246 | 1.05607267e11 | 1.39850748e9 | 1.41186206e11 791129

From the table above, we can easily observe that the Wiener index produces only positive values. Furthermore, it is
evident that as the number of vertices in a Nanorod graph increases, the corresponding numerical values of the
Wiener index also increase. Therefore, our study confirms that the Wiener index is the most suitable index among all
distance-based topological indices.

CONCLUSION

In this article, we determined the general formula for certain distance-based topological indices and compared their
exact values with step values of k: 0.1, 0.09, 0.08, 0.07, 0.06, 0.05, 0.04, 0.03, 0.02, and 0.01.

ACKNOWLEDGMENT

65895



http://www.tnsroindia.org.in

Indian Journal of Natural Sciences w www.tnsroindia.org.in ©I[JONS

Vol.14 / Issue 81 / Dec/ 2023 International Bimonthly (Print) — Open Access ~ ISSN: 0976 — 0997

Sobiya et al.,

One of the authors, S. Sobiya, gratefully acknowledges the Department of Mathematics, Holy Cross College
(Autonomous), Nagercoil-629004, Tamil Nadu, India (Affiliated to Manonmaniam Sundaranar University,
Abishekapatti, Tirunelveli-627012, Tamil Nadu, India) for supporting this research work.

REFERENCES

1.  Gary Chartrand, ping zhang, Introduction to graph Theory ,Tata McGraw-Hill Publishing Company Limited-
Book, 2006.

2. Sowmya S, On Topological Indices of cycle related graphs, ADV Math SCI Journal-9,2020.

3. Wiener, H. Structural determination of Paraffin boiling points, ]. Am.chem.soc.1947; 69 :17-20

4. Wiener H., correlation of heat of isomerization and differences in heats of vaporization of isomers, among the
Paraffin hydrocarbons.].Am.chem.soc.1947;69 : 2636-2638.

5. Wiener H, Relationship of physical properties of isomeric alkanes to molecular structure surface tension,
specific dispersion and critical solution temperature in aniline J.phys.colloid chem.1948;52 :1082-1089.

6. Wiener H. vapour pressure-temperature relations among the branched paraffin hydrocarbons
J.phys.1948;52:425-430.

7. Plesnik J, On the sum of all distance in a graph or digraph, J.Graph theory 19848 : 1-21

8.  L.Solts, Transmission in graphs:A bound and vertex removing, math.slovaca 1991;41: 11-16.

9.  Entringer R.C,, Jackson D.E., Snyder D.A., Distance in graphs, Czech.Math. ].1976;26.

10. ChungF., The average distance and the independence number, ].Graph theory 1988;12:229-235.

11. Sanja S, Dragm SOn distance based topological indices used inArcteturalResearch MATCH
commun.Math.comput.chem.2018;79 : 659-683, ISSN 0340-6253.

12.  Sonia S, NadiuDhanpalJayram, Effect of NaOH Concentration on Structural, Surface and antibacterial activity
of CuO Nanorods, Synthesized by direct sonochemicalmethod,super lattice and microstructures, superlattices
and microstructures 2014;66 : 1-9

13. S.Sobiya, S.Sujitha, M.K. Angel Jebitha, Graph parameters of a NanorodgraphJournal of Indonesian
Mathematical Society (communicated).

14. MichealArockiaraj, Sandi Klavzar, ShagufaMushtaq, Krishnan Balasubramanian, Distance based topological
indices of Nanosheets, Nanotubes and Nanotori of Si0,,Journal of mathematical Chemistry 2019;57,343-369.

15. LGutman , A formula for the wiener number of trees and its extension to graphs containing cycles, Graph
theory notes of New york, XXVII:2, New york Academy of sciences,1994; 9-15.

16. P.V.Khadikar, On a Novel Structural descriptor PI, Nat. Acad.Sci.Lett.2000;23 , 113-118.

V'Lé.' .
e
ol — "
uﬂ—. / | L i
Lo g et
'1. "?‘11?": = =
- P“._:ﬁ':f‘_’_\_:_.: — = |
— .. :
i \
¥ 1
@

e

Figure 1 :Nanorod graph Gy, with k= 0.1
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