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1 Introduction

Topological and graph invariants based on distances between graph vertices are widely used for
characterizing molecular graphs, establishing relationships between structural and properties
of molecules, predicting biological activities of chemical compounds, and developing chemical
applications. There are several types of topological indices, including distance-based topological
indices, degree-based topological indices, and counting-related polynomials and graph indices.
Graph theory has given chemists many useful tools, such as topological indices. Molecules and
molecular compounds are frequently represented by molecular graphs. A molecular graph is
a graph-theoretic representation of a chemical compound’s structural formula, with vertices
representing atoms and edges representing chemical bonds.

Topological indices have the significance of being able to be used directly as simple numer-
ical descriptors in comparison with physical, chemical, or biological parameters of molecules
in Quantitative Structure-Property Relationships (QSPR) and Quantitative Structure-Activity
Relationships (QSAR). In medicinal chemistry and bioinformatics, the current trend of numeri-
cal coding of chemical structures with topological indices or topological coindices has been quite
successful.
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Titania nanotubes have been synthesised systematically over the last 10-15 years using various
methods and have been thoroughly studied as potential technological materials. Because the
mechanism of T705 nanotube growth is still unknown, comprehensive theoretical studies are
gaining traction. Let’s consider two simple connected graphs, G, and Gy, each with disjoint
vertex and edge sets. For ¢ = a,b, ¢g; and h; represent the number of vertices and edges.
The degree of a vertex v is the number of edges incident on the vertex v and is expressed as
de(v) = xa(v) for every vertex v € V(G). In 1972, I. Gutman and N. Trinajstic [1] defined the
first and second Zagreb index of a graph as :

Mi(G) = > xe?= Y e +xe@),

veEV(G) w€eE(G)
My(G) = Z [Xa(u)xa(v)].
w€EE(G)

In 2015, B. Furtula and I. Gutman defined the F-index as [2]:
FG) = Y ke¥= > e@w?®+xc@)]
veV(Q) uweE(G)
In 2020, Abdu Alameri and Noman AI-Naggar [3] introduced the Y-index, which is defined as:
Y(G) = Y e@= > e+ xc@)?]
veV(G) weE(G)
In 2021, G. Priyadharsini et al. defined the S-index as [4]:
S@ = Y = Y e +xe)?]

veV(G) wveE(G)

In 2004, A. Milicevic et al. [5] introduced the reformulated Zagreb index of a graph as:

EM(G)= Y [xc(e)’] and EMy(G) =Y [xale)xa(f)],
e€E(Q) e~f

where e ~ f means that the edges e and f share a common vertex in G, that is, they are
adjacent. Note that the reformulated Zagreb indices of a graph G coincide with the ordinary
Zagreb indices of the line graph of G [6-11].

In 2017, H. Aram and N. Dehgardi [12] defined the reformulated F-index of a graph as:

REG) = 3 kel
e€cE(G)

We now first introduce the reformulated Y-index of a graph, which is derived from the Y-
indices by replacing vertex degrees with edge degrees, where the degree of an edge e = ww
is defined as the sum of the degrees of the edge’s end vertices minus 2 and is denoted by
xc(e) = xa(u) + xa(v) — 2. Thus the reformulated Y-index of a graph is defined as:

RY(G) = ) [Ixal(e)]
e€EE(Q)

Next we introduce the reformulated S-index of a graph, which is derived from the S-indices by
replacing vertex degrees with edge degrees and is defined as:

RS(G) = ) Ixc(e)].

e€E(G)
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Note that the reformulated F', Y, and S indices of a graph G coincide with the ordinary F,
Y, and S indices of the line graph of G. In 2017, H. Aram and N. Dehgardi [12] explained
the graph operations in F-index. D. Nilanjan [13] determined the graph operations in Zagreb
indices in 2015. M. Rezaei and W. Gao [14] explained the hyper Zagreb index and M-polynomial
of (Tiog) in 2017. A. Subhashini and J. Baskar [15] determined the topological indices based
on vertex degree of (Tioz) in 2018. N. De [16] find the titania nanotube for some topological
properties in 2016. In this paper, we evaluated some special graphs and some expressions for
the reformulated Y-index and reformulated S-index of various graph operations and titania
nanotubes (Ti02).

2 Main results

The join of graph [2, 3|:

V(Ga+Go)l = V(G| +V(Gh)| = ga + g,
|E(Ga+Go)| = |E(Ga)|+ |E(G)| + [V(Ga)|[V(Gb)| = ha + ho + gags-
The degree of a vertex v of G, + G is defined as:

X (U) _ XG. (U) +gp, VE V(Ga)v
Gat G XGy (U) + 9o, VE V(Gb)

Theorem 2.1. The reformulated Y -index of G, + Gy is determined by

RY(Go+Gy) = RY(Gq)+ RY(Gp) + 8[gsRF(Ga) + ga RF(Gb)]
+  24[gi EMy(Go) + g2EM1(Gy)] — 64[g3ha + gahs] + 16[gyha + g3hs)
+ Y (Ga) + 9aY (Go) + F(Go)[8hs + 495(ga + gb — 2)]
+  F(Gp)[8ha +49a(ga + 9o — 2)] + M1(Ga)(ga + gb — 2)[24hy + 695(ga + gb — 2)]
+  Mi(Gy)(ga + gb — 2)[24ha + 69a(ga + gb — 2)] + 48hahs(ga + g5 — 2)?
+  6M1(Go)M1(Gy) + 8(ga + 96 — 2)*[Rags + gahs] + 9ags(ga + o — 2)*
+ 32M:1(Ga)gp + 32M1(Gh)g,.
Proof.
RY(Ga+Gy) = Y (XGa+6, (W) + XGata, (v) = 2)*
WEE(Gy+Cy)
= ) (X6t (W) + xa. 16, (v) —2)*
weE(Ga)
+ Z (XGutay (1) + XGora, (v) — 2)*
w€E(Gy)

+ Y Y (Xeeta, (W) + XGara, (v) = 2)

ueV (Gqa) veEV(Gy)

= K1+ Ky+ Ks.
We begin by calculating K7, we've
K= > (xe.(w)+xc, () =2+ 2g)
uwweE(Gq)

RY (G,) + 8gsRF(G4) + 24g2 EM1(Gy) + 32M1(Go)gi — 64g3he + 16g3 hg.
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After that, we compute Ko, we've

Ky, = Z (XGb (u) +Xa, (U) -2+ 29a)4
wveE(Gy)

RY (Gy) + 894 RF(Gy) + 242 EM 1 (Gy) + 32M1(Gy) g3 — 64g3hy, + 1692 hy,.

Finally, we compute K3, we've

Ky = > > (xe.(w)+x6,®) =2+ ga + g)*
eV (Ga) vEV (Gy)

Y (Ga) + 9aY (Gp) + F(Ga)[8hy + 49(g9a + gb — 2)] + F(Gp)[8ha + 49a(ga + gv — 2)]

+ Mi(Ga)(9a + 9o — 2)[24hs + 695(9a + gb — 2)]
+  Mi(Gb)(ga + g — 2)[24hq + 69a(ga + g — 2)] + 48hahs(ga + gp — 2)? + 6M1(Ga) M1 (Gh)
+ 8(ga + 95 — 2)°[hag + gahv] + gags(9a + g5 — 2)*.

Attaching K1, K5, K3, we obtain the evaluated outcome. |

Theorem 2.2. The reformulated S-index of G, + Gy is determined by

RS(Gqa+Gy) = RS(Ga)+ RS(Gp) + 10[goRY (Ga) + ga RY (Gy)] + 40[g2 RF(G)
+92RF (Gy)] + 80[gy EM1(Ga) + ga EM1(G)] — 160[gyha + gahs)
+32[g5 ha + gohs] + M1(G,)[80gy + 10F(Gy) + 30M1(Gh)(9a + 95 — 2)
+60hy(ga + g» — 2) + 10g5(ga + g» — 2)°] + M1(Gy)[80g5 + 10F(G,)
+60ha(ga + g — 2)* +109a(ga + 9o — 2)%] + 9S(Ga) + 92 S(Gp) + Y (Ga)
[10hy + 5gb(ga + gb — 2)] + Y (Gp)[10ha + 5ga(ga + 9o — 2)] + F(Ga)
[40N4(ga + gb — 2) + 10g5(ga + g6 — 2)*] + F(G4)[40ha (g0 + go — 2)
+109a(ga + go — 2)%) + 80hahy(ga + g» — 2)* +10(ga + g5 — 2)*
(ha9b + hoga) + 9ags(ga + g5 — 2)°.

The Cartesian product of graph [2, 5|:

V(Ga x Gp)| = |[V(Ga)|IV(Gb)] = gags,
|E(Ga x Gy)| = [E(Go)[|[V(Go)| + |E(G)|IV(Ga)l = hags + hoga-

The degree of a vertex v = (z,y) of G, X G} is defined as:
XGaxGy (2, Y) = Xa, (T) + X6, (¥)-
Theorem 2.3. The reformulated Y -index of G, X Gy is determined by

RY(Ga X Gb) = gbRY(Ga) + gaRY(G’b) + 16[thF(Ga) + haRF(Gb)}
+ 24[My(Go) EMi(Ga) + My (Ga) EMi(Gy)] + 32[(Mi(Gy) — 2h) F(Gl)
— (My(Ga) — 2ha)F(Go)] + 16[hY (G) + haY (Gy)].
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Proof.

RY(GG X Gb) = Z (XGaXGb(u7x> + XGaXGb(U) y) - 2)4
(u,z)(v,y) EE(GaxGhb)

Z Z (XGaxGy (U, T) + XGaxa, (0,y) — 2)*

ueV (G,) zyeE(Gy)

+ D> (Xeuxe (0x) + X xa, (1Y) — 2)*
€V (Gy) weE(G,)

= K+ Ks.

We begin by calculating K7, we’ve
K= Y Y (xa(@) +xe, ) — 2+ 2x6, (w)!
ueV (Gy) 2y€E(Gp)
= ¢goRY (Gy) + 16hRF(Gy) + 24M1(G,)EM; (Gy)
+ 32(Mi1(Gp) — 2hp)F(Ga) + 16hY (GL).
After that, we compute Ko, we've
Ky = Z Z u) + xa, (v) — 2+ 2xg, (x))*
z€V(Gp) weEE(G, )
= gRY(G,) + 16", RF(G,) + 24M,(Gy) EM1(G,)
+ 32(M1(G.) — 2ha)F(Gp) + 160, Y (Gy).
Attaching K1, K5, we obtain the evaluated outcome. |
Theorem 2.4. The reformulated S-index of G, x Gy is determined by
RS(Gy x Gy) = gRS(Ga) + 9aRS(Gy) + 20[hpy RY (G,) + ho RY (Gb)]
+  Mi(Go)[40RF(Gy) + 80Y (Gy)] + S80[EM:1(Gy)F(G,) + EM1(G,)F(Gy)]
+ M;(Gy)[A0RF(G,) + 80Y (Gy)] — 160[hpY (Ga) + haY (Gh)]
+  32[hpS(Ga) + haS(Gh))-
The corona product of graph |[3, 12]:

V(Ga ©Gy)l = [V(Ga)l + [V(GIIV(Go)l = ga + gas:
|E(Ga ©Go)l = |E(Ga)|+ [V(GIE(Gy)| + [V(G)IIV(Gy)| = ha + gah + gagy-
The degree of a vertex v of G, ® Gy is defined as:
XG.0G, (V) = { X6 (v) ¥.ab, v € VI(Ga),
X, (V) +1, v e V(Gyy).
Theorem 2.5. The reformulated Y -index of G, ® Gy is determined by
RY(Go ©Gy) = RY(Ga)+ gaRY(Gp) + 8[gRF(Ga) + ga RF(Gb)]
24[gy EM1(Ga) + gaEM:1(Gy)] + 16[g5 ha + gahs] — 64[giha + gahs)
32[M1(Ga)gy + M1(Gy)ga] + 6M1(Ga) Mi(Gy)
Mi(Ga)[6gs(g6 — 1)* + 24(gp — 1))
M1(G)[69a(gp — 1)* + 24(g5 — Dha] + gaY (Go) + g4Y (Ga)
F(Go)[8hs +4(go — 1)gs) + F(Gy)[8ha + 4(gs — 1)ga) + 48hahs(gy — 1)
8(g6 — 1)*[hags + gahs] + (95 — 1)*gags-

++ 4+ + + +
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Proof.

RY(Ga © Gb) = Z (XGaQGb ('LL) + XG.0G, (U) - 2)4

wEE(GqaOG)

= Y (X0, (ur) + X0, (k) — 2)*
ecFE,

+ Y (XGa06, (W) + Xa.0a, (1) = 2)
ec b

+ Y (XG0, (k) + Xaaoa, (1) — 2)*
eckEs

= S14+ 55+ 5;5.

We begin by calculating S, we’ve

S

= > (e (ur) + xc, (V) = 2+ 2(g — 1))
urvr €E(Gq)

= RY(G,)+8gyRF(Gg) 4 24g2 EM,(Gy) + 32M1(Go)gi — 64g5ha + 1693 h,.

After that, we compute Sy, we’ve

S

= Z > (e, (w) + xa, () —2+2)*

k=1 ulUlEE(Gb)
= gaRY(Gb) + SgaRF(Gb> + 24gaEM1(Gb) + 32M1(Gb)ga — 64gahb =+ 169ahb.

Finally, we compute S3, we've

9a Gb
S3 = Z Z(XGG, (ur) + X6, (v1) + 9o — 1)*
k=1 1=1
= 6M;1(Ga)M1(Gy) + M1 (Ga)[6gs(go — 1)* + 24(gp — 1))
+ Mi(Gy)[6ga(gs — 1)* + 24(g — 1ha] + 9aY (Gb) + Y (Ga) + F(Ga)[8hs + 4(gp — 1)gs]
+  F(G)[8ha + 4(gp — 1)ga] + 48hahi (g — 1) + 8(gs — 1)*[hags + gahs] + (96 — 1)*gage.
Attaching S1, Ss, S3, we obtain the evaluated outcome. |

Theorem 2.6. The reformulated S-index of G, ® Gy is determined by

RS(Ga © Gb)

RS(Ga) + 9. RS(Gp) + 10[gp RY (Ga) + ga RY (Gb)]

40[g; RF(Ga) + ga RF(Gb)] + 80[g5 EM:1(Ga) + ga EM1 (Gh)]

160[gy ha + gahs] + 32[g5 ha + gahs]

M, (Ga)[80gy + 10F(Gy) + 30(gp — 1) My (Gy) 4 60(gp — 1)*hy, + 10(g5 — 1)%gs)
M1(Gb)[80ga + 10F(Ga) + 60(gs — 1)%ha + 10(gs — 1)%ga] + 9aS(Go) + 95(Ga)
Y (Ga)[10hy +5(gp — 1)gp] + Y (Gb)[10ha + 5(g — 1)gal

F(Ga)[40(gy — 1)hy + 10(gp — 1)%gs] + F(G)[40(gp — 1)ha + 10(gs — 1)ga]
80(gp — 1)*hahs, + (g6 — 1)*[10hagsy + 10hsga] + (g6 — 1)°gags.

+

+ 4+ + + +
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The corona join product of graph [4]:
The degree of a vertex v of G, € Gy is defined as:

_ XG, (U) + Gagp, UV E V(Ga)a
XGa @D Gy ('U) { XGL(U) + Ga, v E V(Gb)

Lemma 2.7. The Y-index of G, @ Gy is determined by

Y(Ga @ Gb) = Y(Ga) + gaY(Gb) + 4[F(Ga)gagb + F(Gb)gg]
+ 6[M1(Ga)gagi + Mi(Gb)ga] + 8[hagags + hugal + 9algs + gb)-

Theorem 2.8. The reformulated Y -index of G, @ Gy is determined by

RY(Ga) + gaRY(Gb) + S[QagbRF(Ga) + ggRF(Gb)] + 16[9393]7‘@ + gghb]

24[g2gi EM1(Gy) + g2 EM1(Gy)] + M1(Go)[32g2 g5 + 2490hb(ga + gago — 2)
69a96(ga + gago — 2)%] — 64[g3 g ha + higl]

RY (G, P G)

9agbY (Go) + g2Y (Gp) + F(Go)[89ahs + 49a96(9a + Gagp — 2)]
F(Gp)[89gaha +492(ga + gags — 2)] + 9692 (90 + gagy — 2)*
48hahyga(ga + gags — 2)* + 8(ga + gags — 2)3(ha + hs).

+ o+ + o+ o+

Proof.

RY(Ga @ Gb)

Y. e.ea+xc.@a ) —2)"
wEE(G, D Gyp)

= Y (e.ecW+xe.oa®) —2)*
w€EE(Gq)

+ Yo Z (Xe. @ e (1) + Xc. @ e, (v) —2)*
weEE(Gy)

+ YGa Z Z (XG(,@GI) (’LL) + XGQGBGb (U) - 2)4
ueV(Gq) veV(Gy)

= > (xe.(u) +x6,(v) = 2+ 2gag)*
uwveE(Gq)

+ g0 Y (X6, (W) +xa,(v) =2+ 2g4)*
uveE(Gy)

+ Ga Z Z (XGa (u) + XGy (U) + (ga + Gagp — 2))4
u€V (G,) veV(Gy)

We obtain the evaluated outcome. |

]\41(GYI))[329;1 + 6M1(Ga)ga + 24gaha(ga + Gagp — 2) + 6929()(9(1 + a9y — 2)2]
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Theorem 2.9. The
RS(Ga @ Gb)

+ +

+ +

_l’_
+

reformulated S-index of G, @ Gy is determined by

RS(Ga) + gaRS(Gh) + 10[gags RY (Ga) + g7 RY (Gb)]

409295 RF(Ga) + 9o RF(Gy)] + 80[g2 g5 EM1 (Ga) + g, EM1(Gy)]

32(g0gs + 9o) — 160[hagagy + huga] + M1(Ga)[80g,gs + 10gaF(Gs) +

30(9a + gags — 2)M1(Gb)ga + 60gahs(ga + gags — 2)* + 109495(9a + gags — 2)°]
M;(Gy)[80g5 + 1094 F(Ga) + 60gaha(ga + gags — 2)* + 10(ga + gage — 2)* 2]
9a96S(Ga) + 92S(Gy) + Y (Ga)[10hsga + 5(9a + gags — 2)9ags)

Y (Gb)[10haga + 5(9a + gags — 2)92] + F(Ga)[40(ga + gag — 2)gah + 10gags
(9a + a9y — 2)%] + F(G3)[40(ga + gagb — 2)gaha + 1092(ga + gags — 2)°]
80gahals(9a + gags — 2)* + 10ga(ga + gago — 2)* (hags + gahs)

(9a + 9a9s — 2)° 920

The subdivision vertex join of graph [4]:
The degree of a vertex v of G, B G, is defined as:

xa, (v), v e V(Gy),
XG.BG, (’U) = 2 + 9b, v e V@(Ga)v
Xa, (V) + ha, v EV(Gy).

Lemma 2.10. The Y -index of G, B Gy is determined by
Y(G,BGy) = Y(Ga)+ha(2+g0)* +Y(Gy) + 4F(Gp)hg + 6M1(Gy)h2 + 8hyh + gyh?.
Theorem 2.11. The reformulated Y -index of G, B Gy, is determined by

RY(G.BG) = > [xe.@"+4gxa, (W) + 6xc, (u) g} + 4xa, (u)g;]
wEE(S(G,))
ueV (G,)
veEVL(Gq)
+ gih, + RY(Gy) + 16h%hy + 8RF(Gy)hy + 24h2 EM, (Gy)
+ Mi(Gy)[38h; + 693 ha +12h%gs] — 64h5h, + gy ha + haY (Gy) + hogy
+  F(Gy[4h2 + 4gpha] + 8hithy + 8gihahy + 4h2 g,
+ gph2[692ha + 24gyhy, + 4gph2 + 24h,hy).
Proof.
RY (G, BGy) = > (xe.me, (W) + xc.E6, () — 2)*
weEE(G,BGy)
= > (xe.(w) +2+g—2)*
wv€eE(S(Ga))
ueV(Ga)
veEVL(Gq)
+ Z (XGb (u) +2ha + Xa, (U) - 2)4
w€EE(Gy)
+ Y 24+ xe ) +ha)t
weE(G,HGY))
ueVy(Ga)
veV (Gy)

We obtain the evaluated outcome. |
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Theorem 2.12. The reformulated S-index of G, B G, is determined by

RS(G, B G,)

> xe. @)+ 5xe, (w)*g + 10gixa, (1)* + 10xc, (u)*g; + bxa, (w)g)
weE(S(Gy))
ueV(Gy)
veV(Ga)
9oh, + RS(Gy) + 10RY (Gy)hg + 40RF(Gy)h2 — 160h2h,
80k EMy(Gy) + 32k, + M (G)[90hy + 6k + 30h.g; + 10g;ha)
haS(G) 4 5Y (Gy) (h2 + hags) + F(Gy)[10h3 + 1092 ha + 20h2 gy + hy[10R2 4 40h% gy]

+  gu(R2 + h8) + 10[htgd + h3 g + 60g2h3hy + 40g3h2 hy + 593 [2hahy + h2gy] + 9P ha.

+ o+ +

In the Corollary 2.13 and 2.14, we estimated the reformulated Y-index and reformulated
S-index of some special graphs with n vertices, such as Path, Cycle, Star, Wheel, and Ladder
graphs.

Corollary 2.13. For a graph G with n vertices, we have
a) RY(P,) = 16n — 46, n > 3,
b) RY(C,)=16n, n > 3,

(&

c) RY(S,)=(n—-2)%*n—-1), n>4,

d) RY (W,) =256(n —1)+n*(n—1), n> 3,
(

e) RY(L,) = 768n — 1692, n > 3.

Corollary 2.14. For a graph G with n vertices, we have
a) RS(P,) =32n—94, n > 3,
b) RS(C,) =32n, n > 3,
c) RS(S,) = (n—2)%n-1), n>4,
d) RS(W,)=1024(n —1) +n°(n—1), n > 3,
(

e) RS(L,) = 3072n — 7156, n > 3.

3 Titania (T%02) nanotubes

Figure 1 depicts the titania nanotube graph, where g denotes the number of octagons in a
row and h denotes the number of octagons in a column. Let G be a graph of Tios[g, h] with
6h(g+ 1) vertices and 10gh + 8h edges. Figure 1 shows that the Tio vertex set is divided into
four partitions, which are as follows:

Vo = {veV(G)|xe(v) =2}, |Va| =2gh +4h,
Vi = {veV(G)|xc(v) =3}, |Va| = 2gh,

Vi = {veV(Q) | xecl) =4}, |Va| = 2h,

Vs = {veV(Q)|xc(v) =5}, |Vs| = 2gh.
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We obtain the three edge partitions of G using an algebraic method based on the sum of degrees
of the end vertices as follows:

Es = {w € E(G) | xg(u) =2, xa(v) =4}, |Es| = 6h,

E; = {uwv € E(G) | xa(u) =2, xa(v)

{uv € E(G) | xa(u) =3, xa(v) =4}, |E7| = 4gh + 4h,
{w € E(G) | xa(u) =3, xa(v) =5}, |Es| = 6gh — 2h.

Eg

Similarly, we obtain the four edge partitions of G using an algebraic method based on the
product of degrees of the end vertices as follows:

Eg = {w € E(G) | xa(u) =2, xg(v) =4}, |Es| = 6h,

Eyy = {uwve€ E(G) | xag(u) =2, xag(v) =5}, |E10| = 4gh + 2h,
E1p {uv € E(G) | xa(u) =3, xc(v) =4}, |Erz| =2h,

Eis = {ww e E(Q) | xagu) =3, xa(v) =5}, |E15| = 6gh — 2h.

Top image

OO

Across image

Figure 1: The graph of titania nanotube.
We determine reformulated Y-index and reformulated S-index of TWos nanotubes in the
following propositions.
Proposition 3.1. The reformulated Y -index of titania nanotube is
RY (Tio) = 10276gh + 1444h.
Proof. Utilizing the definition

RY(Tios) = Y [xal(e)] = 4*|Es| + 5 |Eso| + 5% | Era| + 6% | Evs| = 10276gh + 1444,
e€E(G)
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we obtain the evaluated outcome. |
Proposition 3.2. The reformulated S-index of titania nanotube is
RS(Tios) = 59156gh + 3092h.

Proof. Utilizing the definition

RS(Tioy) = > [xa(e)’] =4°|Eg| +5° |Er| + 5° |[Era| + 6° | Eys| = 59156gh + 3092,
e€E(G)
we obtain the evaluated outcome. [ |

4 Concluding remarks

Topological indices are defined and used in many fields to investigate the properties of various
objects such as atoms and molecules. We investigated some special graphs and the reformu-
lated Y-index and reformulated S-index of various graph operations such as join, Cartesian
product, corona product, subdivision vertex join, and corona join product and determined the
reformulated indices of titania nanotubes (Ti02) in this work.

Author Contributions. Kayalvizhi Gokulathilagan developed the theoretical formalism and
performed the analytic calculations. Nagarajan Sethumadhavan supervised the project. All
authors discussed the results and contributed to the final manuscript.

Conflicts of Interest. The authors declare that they have no conflicts of interest regarding
the publication of this article.

References

[1] I. Gutman and N. Trinajsti¢, Graph theory and molecular orbitals. Total ¢-
electron energy of alternant hydrocarbons, Chem. Phys. Lett. 17 (4) (1972) 535-538,
https://doi.org/10.1016,/0009-2614(72)85099-1.

[2] B. Furtula and I. Gutman, A forgotten topological index, J. Math. Chem. 53 (2015) 1184—
1190, https://doi.org/10.1007/s10910-015-0480-z.

[3] A. Alameri, N. Al-Naggar, M. Al-Rumaima and M. Alsharafi, Y-index of some graph
operations, Int. J. Appl. Eng. Res. (Neth.) 15 (2) (2020) 173-179.

[4] G. Priyadharsini, G. Kayalvizhi and S. Nagarajan, S-index of dif-
ferent graph operations, Asian Res. J. Math. 17 (12) (2021) 43-52,
https://doi.org/10.9734 /arjom/2021/v17i1230347.

[5] A. Mili¢evié, S. Nikoli¢ and N. Nenad Trinajsti¢, On reformulated Zagreb indices, Mol.
Divers. 8 (2004) 393-399, https: //doi.org/10.1023/B:MODL0000047504.14261.2a.

[6] A. Ashrafi, T. Dogli¢ and A. Hamzeh, The Zagreb coindices of graph operations, Discret.
Appl. Math. 158 (15) (2010) 1571-1578, https://doi.org/10.1016/j.dam.2010.05.017.



76 Kayalvizhi Gokulathilagan et al. / Some Graph Operations and Titania Nanotubes....

[7] N. De, S. M. A. Nayeem and A. Pal, F-index of some graph operations, Discrete Math.
Algorithms Appl. 8 (2) (2016) p. 1650025, https://doi.org/10.1142/S1793830916500257.

[8] A. Ili¢ and B. Zhou, On reformulated Zagreb indices, Discrete Appl. Math. 160 (2012)
204-209, https://doi.org/10.1016/j.dam.2011.09.021.

[9] R. B. Jummannaver, I. Gutman and R. A. Mundewadi, On Zagreb indices and coindices
of cluster graphs, Bull. Int. Math. Virtual Inst. 8 (2018) 477-485.

[10] G. Su and L. Xiong, On the maximum and minimum first reformulated Zagreb index with
connectivity at most K, Filomat 25 (2011) 75-83, https://doi.org/10.2298 /FIL1104075S.

[11] B. Zhou and N. Trinajsti¢, Some properties of the reformulated Zagreb indices, J. Math.
Chem. 48 (2010) 714719, https://doi.org/10.1007/s10910-010-9704-4.

[12] H. Aram and N. Dehgardi, Reformulated F-index of graph operations, Commun. Comb.
Optim. 2 (2017) 87-98, https://doi.org/ 10.22049/CC0O.2017.13630.

[13] N. De, S. M. A. Nayeem and A. Pal, Reformulated first Zagreb index of some graph
operations, Mathematics. 3 (2015) 945-960, https://doi.org/10.3390/math3040945.

[14] M. Rezaei, W. Gao, M. K. Siddiqui and M. R. Farahani, Computing hyper Zagreb index
and m-polynomials of titania nanotubes Tios[m,n], Sigma J. Eng. Nat Sci. 35 (4) (2017)
707-714.

[15] A. Subhashini and J. B. Babujee, Computing degree based topological indices for titania
nanotubes Tioz(m,n), Inter. Jour. Math. Trends and Tech. (2018) 119-124.

[16] N. De, On molecular topological properties of T%o2 nanotubes, j. nanosci. 2016 (2016) ID
1028031, https://doi.org/10.1155/2016 /1028031.



	Introduction
	Main results
	Titania (Tio2) nanotubes
	Concluding remarks 

