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ABSTRACT

In this manuscript we have computed third Zagreb index, first Zagreb polynomial, second
Zagreb polynomial, third Zagreb polynomial, hyper Zagreb polynomial, forgotten index, forgotten
polynomial, symmetric division index and symmetric division polynomial of Graphene. These quantities

are based on degrees of the vertices.
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INTRODUCTION

Graphene is a nanomaterial. Recently
rajesh kanna and his students computed some of
the topological indices of graphene’2. In this article,
we have computed third zagreb index, first zagreb
polynomial, second zagreb polynomial, third zagreb
polynomial, hyper zagreb index, forgotten index,
symmetric division index. Also we have defined
hyper zagreb polynomial, forgotten polynomial and
symmetric division polynomial of graphene.

Third zagreb index
Fath-tabar introduced the third zagreb

index, first, second and third zagreb polynomial in
2011 as follows?.

Definition 1.1: For a simple connected graph G, the
third zagreb index is defined as,
ZGz (G = ldy — dul.

e=uvreE (G)
Definition 1. 2: The first, second and third zagreb
polynomials for a simple connected graph G is
defined as,
ZG, (G, x) = xFutde,
e=urekE(G)
ZG, (G, x) = x Fudy

e=uvekE(G)
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ZGz (G, x) = xldu—arl
e=uveE(G)
Hyper zagreb index

G. H. Shirdel et al., introduced a new
distance-based zagreb indices of a graph G named

hyper-zagreb index*.

Definition 1. 3: The hyper zagreb index is defined
as,

HZ(G) = (d, + d)>=.

e=uveE(G)

We define hyper zagreb polynomial as follows,

Definition 1. 4: The hyper zagreb polynomial is
defined as,
HZ(G,x) = 2 CAu+apd®
e=uveE(G)
Forgotten index
Definition 1. 5: The forgotten topological index is
also a degree based topological index, denoted by
F(G) for simple graph G. It was encountered in® and
defined as,
F(G) = [(d.)? + (d,)7].
e=uveE(G)

Definition 1. 6: The forgotten polynomial for a graph
G is defined as,
F(G) = a [Cawd®+aw=]
e=uveE(G)
Symmetric division index

These topological indices are quite useful
for determining total surface area and heat formation
of some chemical compounds.

Definition 1. 7: Symmetric division index is defined
as

SDD(G) =

e=uve(G)

{min(du, d,)

max(d,,d,)
max(d,, d,) '

min(d,, d,)

Further, we define symmetric division
polynomial as follows

Definition 1. 8: The symmetric division polynomial

is defined as

{min(du,d,,) ,max(du.du)}
x lmax(dy.dy) " min(dy.dy)

SDD(G,x) = ;
e=uve(G)
Main results
Theorem 2.1. The third zagreb index of Graphene,
_(As+2t—4 ift+1
26 ={4"1  ifeen

Where ‘t’'is the number of rows of benzene
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rings and ‘s’ is the number of benzene rings in each row.

Fig. 1.

Proof: 2d structure of graphene is as shown in the
above Fig. 1. Assume that it contains 't rows and ‘s’
benzene rings in every row. The edge connecting
the vertices of degree di and d, is denoted by m,.
Let Im,, denotes the number of edges of the type
m,. In* we can see that Im, | = (t + 4), Im, |=(4s +
2t-4)and Im_,| = (3ts - 2s- t-1).

Case1: If t1, Consider, ZG;(6) = Locyper()|dy — dl-

= |mas|l2 — 2] + |myall2 — 3| + |mas|13 — 3.

= (t+4)(0) + (4s + 2t - 4)(1) + (3ts - 25 - t - 1) (0)
=4s+2t-4
- ZG, (G)= 4st + 2t - 4.

Case2: Ift=1, In? we can find Imzyzl =6, Im213| =(4s-4)
and Im, | = (s-1) as in the following Fig. 2 below.

Fig. 2.

ZGz(G) —

e—uv=E(G)

= |1""-'-2,:1||2 -2/ + ‘m213||2 -3+ |m313||3 -3

Consider, ld,, — d.l-

=6(0) + (4s—4)(1) + (s - 1)(0)
=45-4
2 I63(G) = 4(s - 1), ift=1.

Theorem 2. 2: First zagreb polynomial of
Graphene,

C(r[Bts-2s-t- Dt (s + 2t - (E44)] if 21
166 L‘* (5= Dt +4(s -1 6] ift=1

Proof. Case1: If t = 1, Consider
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ZGJ_ (G,X) — Ee:quE[G)xdu_'_dv.
= |my|x @D + |my s |x @D + |mg 5|x G+

[t 4 (52 -4+ (- D=0 o+ - -t -
e 4 s+ -4t (4]

I6,(6,0)= x5~ t-1a + (s 42t~ (t+4)] if L
Case 2: If t=1,

ZG (G, x) = 2 Pt
e=urelE (G

— |m2,2|x(2+2)+ |m2,3|x[2+3)+ |m3,3|x(3+3)
= 6x* + (45 — Hx® + (S - 1)x°

26,6, x) = x*[(s—Dx? +4(s —Dx +6], ift=1.
Theorem 2. 3 The second zagreb polynomial of
graphene,

P [Gts-2s-t -1 +(ds+ 2t - b4t 44] ift#1
26,(6)= 4 5 7 e
(5= +4(s - 1)x° + 6] ift=1
Proof: Casel: If t#1

T dud”.

TG (G, x) —

e—1rire E(G)

= ‘mzlz‘xm) 1 ‘mm ‘xm) 1 ‘mglg‘xm)
= (s -8 Bt -2t -1
=[5~ 25— t- U0 4 (b4 2t~ b4t +4]

16,(6,1)= 1*[(3ts-25-t-Dr* 4 (ds+ 2- O+ 44] ift #1,
Case 2: If t=1,

ZGR (G, x) = 2 T
e—wveE(G)

= |m2,2|x(2'2) + |m2,3 |x(2'3) + |m3,3|x(3'3)
= 6x*+ (4s — Db+ (S-1)x°
26,(G,x) = x*[(s—Dx® +4(s - Da’+ 6], ift=1.

Theorem 2. 4 Third zagreb polynomial of

graphene,
4s + 2t -4 3ts—2s+3] ift#1

ZGa(G):{[(H— Jx+3ts—2s+3] if

[4(s —1)x +5+5] ift=1
Proof: Casel: Ift#1

ZGs (G, x) = el —ctul

e— it =E (G

1516

= o2 g 5 4 o

= (t+ 404 (s 42t -4t 4 (Bts- 25 -t -
=[(ds42t-4)xt3ts-2s-t-14t+4]

2y(6,x) = [(4s + 2t - Hr43ts-2s -t -1+t +4] if t#1.
Case 2: If t=1

ZGa (G, x) —
e—wveE(G)

o l2u—aul,

= |ma|x? 72 4 [my 52273+ g |2 B3
=6x%+ (4s — Dx+ (S — Dx°
=4(s—1)x+s—1+6

ZG(G,x) = [4(s —Dx+s+5], ift=1.

Theorem 2. 5 Hyper zagreb polynomial of
graphene,

[00ts -2 -t - D+ (s + 2t~ 4)° +t44] if t 21
(s DR +4(s-1)x°+ 6] ift=1
Proof: Casel:If t=1

H1(6 1) = {

HZ(G, x) = PR s

e—uveE(G)
- ‘m2’2‘x|2+2|2 4 ‘m2’3|x|2+3|2 4 ‘m3!3|x|3+3|2
= (4404 (ds 4 2 - 4 (Bt - 25—t - ¥
= 03t~ 25~ D™+ (ds 4 2t - 4" 4 £44]

H2(Gx)= (35~ 25 - 0™+ (4 + 2t - 4 4 £ 44] for £ =1
Case 2: If t=1
HZ(G, x) =

e=uveE(G)

e (R ep)?

= [y o k2 4 [y g 23 4 [y o[+3F

= 614 (ds - 4P 4 (S - 1)

= 2[(s - )xP +4(s - Dx° + 6]

HI(G,x) =2 (s - Dx® + 4(s - 1)x° + 6], fort=1.

Theorem 2.6 Forgotten topological index of
graphene,

 ([2(27ts +8s + 8t — 19)] if ¢t 1
F(G) = { [2(35s — 11] ft—1

Proof: Case 1:If t=1
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[(d.D? + (d,)?

e=wuvresE(G)

=|my5|(2% + 2%) +|my | (2% + 3?) +|my 5| (3% + 3)

F(G) =

= (t+4)(8) + (4s+2t-4)(13)+(3ts-2s-t-1)(18)
=8t+32+52s+26t-52+54ts-36s-18t-18
=54ts+16s+16t-38

=2(27ts+85+8t-19)

F (G) = 2(27ts+8s+8t-19), for t=1.

Case 2: If t=1

F(G) == [(du)z -+ (du)z

e=uv=E(G)
=[ma2|(27 + 22) +|my 5| (27 + 37) +|ms 5| (3 + 37)
=6(8)+(4s-4)(13)+(s-1)(18)
=48+525-52+185-18
=70s-22
=2(35s-11)
F (G)= 2(35s-11).40=1
Theorem 2. 7 Forgotten polynomial of graphene
F(G,X>={[x8(3§5_25‘t‘1)"1°+(45+2t—4>x5+t+fﬂ frel
2 [(s- D +4(s- 1+ 6] =1

Proof: casel: If t=1is
F(G,x) — e ()2 + ) ?
e=uveE (G)

2,92 1190 2
(241 )Jr‘mm‘x(z ) +|m33\x )

- ‘mm X
= (b4 404 (b + 2t - %+ Bts - s -t~ )

= (Bts- 25—t - Dn4 (ds4 2t -0+t 44)

FGa)= 2 [3ts- 25—t - D%+ (ds 4 2t - +44] fort =1
Case 2: If t=1
F(G,x) = 2 () + ()™

e=wuvseE{G)

_ |m22|x(22+22) + |m23|x(22+32) + ‘msg‘x(ahaz)

= x84 (4s — HxB + (S - D'
= xB[(s - Dx 0+ 4(s — 1)x° + 6]

F(G,x)=x%[(s—D)x®+4(s— x>+ 6], fort=1
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Theorem 2. 8 The symmetric division index of
graphene is

65+ (4.33333)0 + (4.066667)s — 2.066667 if =1
(10, 6666?)s+l33333) ift=1

SDD (G) —!

min(d,d,) max(d,d,)
; max(d, d,) ’ min(d, d,) ] '

| Al

Proof : Case 1:fort =1
$D0(0) = Z
a=E(

min 2,2

min(2 5(23)

= el ma122

minl 33
it =
max(3.3) mm !
2 3

-4 )+ (4S+ZI—4){%&(&5.254.1){?*]

max(23) mi ,)

wa

= (2} ) (Bt - - 1))
= st (43333334 666667)s-L.66667

SDD (G) = bts+ (4.333333) t+ (4.666667)5-2.66667, fortz 1
Case 2: If t=11is

() = Z [min(dwdu) +mf.wﬁ(dwdv)].

e max(d,,d,)  min(d,d,)

min(22) max(22) min(2,3) max(2,3)
|22| +|mz,z| ot
min(2,2) max(2,3) min(23)
min max(3.3)
+| EgHmax‘(a 3) mm(&,&]}

=6E+§}+ (4s—4){5+;}+(5‘ ﬂE*é]
=6{2) =(4s-) {%} +(s-1){2)

32s+4
7]
= (10.66667) 5+1.33333

SDD (G) = (17.33333) s+34.66667, for t=1.
Theorem 2. 9 The symmetric division polynomial
of graphene

(4s+2t74)16(3t3723+3)x ift=1
4(s— 1)1 +(s+5)1 ift=1

SDD(G,x)= {

Proof: Case 1: If t#1,

[min(d,.d,) maxid,.d,)
¥ lmaxld,,.d,) minld,.d,)

SDD(G) =

e=ure(G)
min(22) max(2) min23) m (2 g]]
= |m2’2|x ma(L]) min22))" |m2 |l na23)

min33) max(33))
|mgg|l max(33) min(3,3))
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2 2 2

- )26 G 2015
= (t+ 48+ (4542t — 45 +(3ts— 28—t — 1)
=(ds5+ 2t~ )5 + (35~ 25+ )0’

12
SDD (G, x)=(4s+2t —4)x% + (3ts— 25 + 3)x% fort # 1.
Case 2: For t=1,

(min(d,.d,)  max(d,.d,)]
SDD(G,x) = x lmaxid,.d,)" minld,.d.])

e=uve(G}
(min(2.2) max(22)) (minf23) max(23)) (minf33) ma(33))
= |m2J2|xlmax(2,2] "min2.2)) |mm|xlmax(2,3] "min23)) |ng3|x(max(aJa] "minf3.3))

2.2 - .
= x5+ (s 231512
iz
= 6;[2 + [:45— 4)1? + [:S— 1)12
iz
45— 4)xs +(s+5)x?

iz
SDD (G, x)=(4s — 4)x% + (s + 5)x%for t =1.
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CONCLUSION

In this article we have computed general
formula for third zagreb index, hyper zagreb
polynomial, first zagreb polynomial, second zagreb
polynomial third zagreb polynomial, forgotten index,
forgotten polynomial, symmetric division index and
symmetric division polynomial of graphene.
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