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ABSTRACT
We introduce the general first and second Zagreb polynomails of a molecular graph. In this paper, we compute the
general first and second Zagreb polynomails of certain nanostructures. Also we determine the first and second Zagreb
polynomials, the first and second hyper-Zagreb polynomials and F-polynomial of these nanostructures.
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1. INTRODUCTION

We consider only finite, connected, undirected graphs without loops and multiple edges. Let G be a graph with vertex
set V(G) and edge set E(G). The degree dg(v) of a vertex v is the number of vertices adjacent to v. For other undefined
notations and terminology, we refer to [1].

In [2], Fath-Tabar defined the first and second Zagreb polynomials of a graph G. They are defined as

Ml(G,X)Z Z XdG(U)-*-dG(V), MZ(G,X)Z Z XdG(u)dG(v).

weE(G) uweE(G)
Recently in [3] Chaluvaraju et al. defined the first and second hyper-Zagreb polynomials of a graph G. They are
defined as
HM. (G, x) = X[da(u)mc(v)]z’ HM. (G.x) = X[da(u)dG(v)]zl
1(G.x) Z() 2(G.x) Z()

Motivated by these definitions, we define the general first and second Zagreb polynomials of a graph as follows:

The general first and second Zagreb polynomials of a graph G are defined as
M? (G, x)= Y. NCIORI ME(GX)= T e (o]’

uveE(G) weE(G)

In [4], Furtula et al. defined F-index or forgotten topological index of a graph G and it is defined as

F(G)= Y [de(u) +dg(v)' ]
uveE(G)
The F-polynomial [5] of a graph G is defined as
F(Gx)= > x%el et

uveE(G)

In this paper, the general first and second Zagreb polynomials, F-polynomial of some nanostructures are determined.
For more information about nanostructures see [6, 7, 8, 9].
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2. LINEAR [n] TETRACENE

The molecular graph of a linear [n]-tetracene is shown in Figure 1.

0099:0000:1:0000:0000

Figure-1: The molecular graph of a linear [n]-tetracene.

By algebraic method, we get that a linear [n]-tetracene has 18n vertices and 23n — 2 edges. Let T be the graph of a
linear [n]-tetracene. We have three partitions of the edge set E(T) as follows:

E,={uv € E(T) / dy(u) = dr(v) = 2}, |E4| = 6,

Es = {uv € E(T) / dr(u) = 2, dr(v) = 3}, |Es| = 16n - 4,

Es = {uv € E(T) / dy(u) = dr(v) = 3}, |Ee| = 7Tn - 4,

Theorem 1: The general first Zagreb polynomial of a linear [n]-tetracene graph T is

M (T,x)=6x" +(16n-4)x" +(7n-4)x".

Proof: For the general first Zagreb polynomial of a linear [n]-tetracene graph T, we have
MP(T,x)= 3 doerar

uveE(T)

_ Z X[dT (u)+dr (W] 4 Z X[dT (u)+dr (W] 4 Z X[dT (u)+dr (V)]
E, Es Es

=6x" +(16n—4)x> +(7n-4)x".

Corollary 1.1: The first Zagreb polynomial of a linear [n]-tetracene graph T is
M, (T, x)=M;(T,x)=6x"+(16n—4)x° +(7n—4)x".

Corollary 1.2: The first hyper-Zagreb polynomial of a linear [n]-tetracene graph T is
HM, (T, x) =M/ (T,x)=6x" +(16n—4)x* +(7n—4)x>.

Theorem 2: The general second Zagreb polynomial of a linear [n]-tetracene graph T is

M3 (T, x)=6x" +(16n—4)x* +(7n-4)x".

Proof: For the general second Zagreb polynomial of a linear [n]-tetracene graph T, we have
M ;1 (T , X) — z X[dT(u)dT (V)]a

uveE(T)

_ z X[dT (W (v + Z X[dT (Wdr ()] + Z X[dT (u)dr (v
E, Es Es
=6x" +(16n-4)x" +(7Tn-4)x".

Corollary 2.1: The second Zagreb polynomial of a linear [n]-tetracene graph T is
M, (T,x)=M;(T,x)=6x" +(16n—4)x* +(7n—4)x".

Corollary 2.2: The first hyper-Zagreb polynomial of a linear [n]-tetracene graph T is
HM, (T,x)=M; (T,x)=6x" +(16n —4)x* +(7n—4)x"".

Theorem 3: The F-polynomial of a linear [n]-tetracene graph T is

F(T,x)=6x"+(16n—4)x" +(7n—4)x®.

Proof: For the F-polynomial of a linear [n]-tetracene graph T, we have
F (T , X) _ Z XdT(u)2+dT (v

uveE(G)
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_ Z XdT +dT + Z XdT +dT + Z XdT +dT
= 6x +(16n—4)x* +(7n —4)x*®

3. NANOSTRUCTURE F = F[p, q]

The molecular graph of a nanostructure F = F[p, q] with p =2 and q = 4 is shown in Figure 2.

Let F be the graph of a nanostructure F = F[p, q]. By algebraic method, we see that F has 18p vertices and 27pq — 29 —
4p edges. We have three partitions of the edge set E(F) as follows:

Es={uv e E(F) / de(u) = de(v) = 2}, |E4| = 29 + 4,

Es = {uv € E(F) / de(u) = 2, de(v) = 3}, |Es| = 16p + 49 - 8.

Es = {uv € E(F) / de(u) = dr(v) = 3}, |E¢| = 27pq — 20p — 8q + 4.

Theorem 4: The general first Zagreb polynomial of a nanostructure graph F is
M?(F,x)=(2q+4)x* +(16p+4q-8)x> + (27pg—20p —8q +4)x°

Proof: For the general first Zagreb polynomial of a nanostructure graph F, we have

Z X[d (u)+dg

ung
_Zx[d (u)+dg +ZX[dFu+d +Zx[d (u)+dg (v
=(2q+4)x +(16p+4q—8)x +(27pq—20p—8q+4)x6

Corollary 4.1: The first Zagreb polynomial of a nanostructure graph F is
M, (F.x)=M;(F,x)=(2q+4)x" +(16p+4q—-8)x°+(27p ¢20p—8q+4)x°

Corollary 4.2: The first hyper-Zagreb polynomial of a nanostructure graph F is
HM, (F,x)=M?(F,x)=(2q+4)x" +(16p+4q—-8)x™ + (27pq—20p —8q + 4)x®

Theorem 5: The general second Zagreb polynomial of a nanostructure graph F is
M: (F,x)=(2q+4)x" +(16p+4q-8)x* + (27pg—20p—8q+4)x°

Proof: For the general second Zagreb polynomial nanostructure graph F, we have

-z K

UVEE
— Z X[dF de (v)] + Z X[dF(“)dF(V)]a + Z X[d,:(u)d v)]
E, E; Es
=(2q+4)x" +(16p+4q-8)x" + (27pg—-20p—-8q+4)x°
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Corollary 5.1: The second Zagreb polynomial of a nanostructure graph F is
M, (F.x)=M;(F,x)=(29+4)x" +(16p+4q—8)x° + (27pq—20p—8q+4)x’.

Corollary 5.2: The first hyper-Zagreb polynomial of a nanostructure graph F is
HM, (F,x)=M; (F,x)=(2q+4)x" + (16 p+4q—8)x™ + (27pq—20p —8q +4) x™.

Theorem 6: The F-polynomial of a nanostructure graph F is
F(F.x)=(29+4)x°+(16p+4q—-8)x" + (27pq—20p —8q+4)x*.

Proof: For the F-polynomial of a nanostructure graph F, we have

F ( F, X) _ Z Xdp(u)z+dp(v)z

uveE(F)
— Z XdF(“)2+dF(V)Z + Z XdF(“)z‘*’dF(V)Z + Z XdF(u)2+dF(V)2
E, Es Eg
=(29+4)x° +(16p+4q-8)x" + (27pq—20p —8q +4)x™.

4. NANOSTRUCTURE G = G[p, q]

The molecular graph of a nanostructure G = G[p, q] with p =2 and q = 4 is shown in Figure 3.

Figure-3: The graph of a nanostructure G = G[2, 4]

Let G be the graph of a nanostructure G = G[p, q]. By algebraic method, we see that G has 18pq vertices and 27pq — 4q
edges. We have two partitions of the edge set E(G) as follows:

Es = {uv € E(G) / dg(u) = 2, dg(v) = 3}, |Es| = 16p,

Es = {uv € E(G) / dg(u) = dg(v) = 3}, |Ee| = 27pqg — 20p.

Theorem 7: The general first Zagreb polynomial of a nanostructure graph G is

M7 (G,x)=16x" +(27pg—-20p)x®.

Proof: For the general first Zagreb polynomial nanostructure graph G, we have
Mla (G, X) — Z X[dG(u)+dG (V)]a

uveE(G)

_ Z X[de(u)+de Ol n Z X[de(u)+de(V)T
E E,

=16px” +(27pg-20p)x™.

Corollary 7.1: The first Zagreb polynomial of a nanostructure graph G is
M, (G,x)=M;(G,x)=16px’ +(27 pg—20p)x°.

Corollary 7.2: The first hyper-Zagreb polynomial of a nanostructure graph G is
HM,(G,x)=M/(G,x) =16 px* +(27 pg—20p)x*.

Theorem 8: The general second Zagreb polynomial of a nanostructure graph G is
M3 (G,x)=16px* +(27pg—-20p)x”.
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Proof: For the general second Zagreb polynomial of a nanostructure graph G, we have

Z X[de )dg (v

uveE(G

_ [de u)dg (v)] [dg (u)dg (v)]
=5"x Y x
=16px” +(27pg-20p)x’

Corollary 8.1: The second Zagreb polynomial of a nanostructure graph G is
M, (G,x)=M;(G,x)=16px° +(27pg—20p)x’

Corollary 8.2: The second hyper-Zagreb polynomial of a nanostructure graph G is
M, (G,x)=M;(G,x)=16px™ +(27pg—20p)x™

Theorem 9: The F-polynomial of a nanostructure graph G is
F(G,x)=16px" +(27pq—20p)x*

Proof: For the F- polynomial of a nanostructure graph G, we have

Z XdG +dG

uveE(G

_ Z XdG +dG + Z XdG +dG

=16px +(27pq—20p)

5. NANOSTRUCTURE K =K]p, q]

The molecular graph of a nanostructure K = K[p, q] with p = 2 and q = 3 is shown in Figure 4.

Figure-4: The graph of a nanostructure K = K[2, 3]

Let K be the graph of a nanostructure K = K[p, g]. By algebraic method, we see that K has 18pq vertices and 27pg — 2q
edges. We have three partitions of the edge set E(K) as follows:

Es = {uv. E(K) / dk(u) = dk(v) = 2}, |E4| = 29

Es = {uv. E(K) / dk(u) = 2, d(v) = 3}, |Es| = 4q.

Ee = {uv . E(K) / di(u) = d«(v) = 3}, [Ee| = 27pq - 8q.
Theorem 10: The general first Zagreb polynomial of a nanostructure graph K is

M} (K, x)=20x"" +4ax” +(27pg-8q)x°

Proof: For the general first Zagreb polynomial of a nanostructure graph K, we have

2 X[d (u)+dg

UVEE
_ Z X[d u)+dy + Z X[d u)+dg + Z X[dK Y+dy (v

=2gx*" +4gx% + (27 pg —8q)x”
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Corollary 10.1: The first Zagreb polynomial of a nanostructure graph K is
M, (K,x)=M; (K, x)=2qx* +4qx’ +(27 pq—8q)x°

Corollary 10.2: The first hyper-Zagreb polynomial of a nanostructure graph K is
HM, (K, x) =M/ (K,x)=20x" +4qx® + (27 pq —8q) x*

Theorem 11: The general second Zagreb polynomial of a nanostructure graph K is
M3 (K, x)=20x"" +4ax" +(27 pg-8q)x’

Proof: For the general second Zagreb polynomial of a nanostructure graph K, we have

-2 Kt

uveE
_Zx[d u)dy (v +Zx[d k)7 +ZX[dK(U)d V)]
Es
=2gx*" +4gx° +(27 pg—8q)x°

Corollary 11.1: The second Zagreb polynomial of a nanostructure graph K is
M, (K,x)=M;(K,x)=2qx"* + 40x° + (27 pq —8q) x°

Corollary 11.2: The first hyper-Zagreb polynomial of a nanostructure graph K is
HM, (K,x)=M? (K,x)=2gx" +4ax" +(27pg-8q)x’
Theorem 12: The F-polynomial of a nanostructure graph K is

F (K, x)=2gx" + 4gx" + (27 pq—8q) x**

Proof: For the F- polynomial of a nanostructure graph K, we have
F (K, X) — Z XdK(U)Z“’K(V)Z

uveE(K)
_Zx"K o +Zde e +ZXdK o
= 2qx +20x* +(27 pg —8g)x*°

6. NANOSTRUCTURE L =L[p, q]

The molecular graph of a nanostructure L = L[p, q] with p =2 and q = 4 is shown in Figure 5.

Let L be the graph of a nanostructure L = L[p, q]. By algebraic method, we see that L has 18pq vertices and 27pq edges.
We have only one partition of the edge set E(L) as follows:
Ee¢ = {uv € E(L) / dy(u) = d.(v) = 3}, |E¢| = 27pQ.
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Theorem 13: The general first Zagreb polynomial of a nanostructure graph L, we have

M7 (L, x) =27 pax®".

Proof: For the general first Zagreb polynomial of a nanostructure graph L, we have

ME(Lx)= 3 { ST — 57 pgy,

uveE(L)

Corollary 13.1: The first Zagreb polynomial of a nanostructure graph L is

M, (L,x)=M;(L,x)=27pgx®.

Corollary 13.2: The first hyper-Zagreb polynomial of a nanostructure graph L is

HM, (L, x) =M (L,x) =27 pgx®.

Theorem 14: The general second Zagreb polynomial of a nanostructure graph L, is

M2 (L,x)=27pgx”.

Proof: For the general second Zagreb polynomial of a nanostructure graph L, we have

M3 (Lx)= Y x0T 2 97 pax?”.

uveE(L)

Corollary 14.1: The second Zagreb polynomial of a nanostructure graph L is

M, (L,x)=M;(L,x)=27pagx’.

Corollary 14.2: The second hyper-Zagreb polynomial of a nanostructure graph L is

HM, (L, x) =M (L,x) =27 pgx™.

Theorem 15: The F-polynomial of a nanostructure graph L is

F(L,x)=27pgx™®.

Proof: For the F-polynomial of a nanostructure graph L, we have

F(Lx)= Y, XA W _ 97 payte,

uveE(L)
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