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ABSTRACT
A topological index is a numerical parameter mathematically derived from the graph structure. In this paper, we
compute the general fifth multiplicative M-Zagreb indices, fifth multiplicative product connectivity index, fifth
multiplicative sum connectivity index, fourth multiplicative atom bond connectivity index and fifth
multiplicative geometric-arithmetic index of different chemically interesting dendrimers like tetrathiafulvalene
and POPAM dendrimers.
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l. INTRODUCTION
Let G be a finite, simple connected graph with vertex set V(G) and edge set E(G). A molecular graph is a simple
graph related to the structure of a chemical compound. Each vertex of a molecular graph represents an atom of
the molecule and its edges to the bonds between atoms. Let Sg(u) denote the sum of the degrees of all vertices
adjacent to a vertex u. For other undefined notations, readers may refer to [1].

Chemical Graph Theory has an important effect on the development of Chemical Sciences. A topological index
is a numerical parameter mathematically derived from the graph structure. Numerous topological indices have
been considered in Theoretical Chemistry, especially in quantitative structure activity (QSAR) and quantitative
structure property (QSPR) study, see [2].

The fifth multiplicative Zagreb indices were introduced by Kulli in [3] and they are defined as

M,Gsl1 (G)= H)[SG(u)+sG(v)], M,Gsl (G)= ] Sc(u)Sc(v).

uveE(G uveE(G)

In [4], Kulli introduced the fifth multiplicative hyper-Zagreb indices, the general fifth multiplcative Zagreb
indices, fifth multiplicative product connectivity index, fifth multiplicative sum connectivity index. They are
defined as follows:

The fifth multiplicative hyper-Zagreb indices of a graph G are defined as

HMGsl1 (G)= [T [Ss(u)+Ss ()], HM,Gsl1 (G)= [T [Se(u)Ss (V)]

uveE(G) uveE(G)

The fifth multiplicative sum connectivity index of a graph G is defined as

sl (6)= [] ——

wee(6) y/Se () + S (V)
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The fifth multiplicative product connectivity index of a graph G is defined as

1
S VS v )

The general fifth multiplicative Zagreb indices of a graph G are defined as

MG (G H[SG )+Ss(v) ],
uveE

M3GsII(G)= [] [SG Ss(W)[° @
uveE(G)

where a is a real number.

In [5], Kulli introduced the fourth multiplicative atom bond connectivity index of a graph G and it is defined as

ABC,I1(G)= [] JSG(U)+SG(V)_2. )

uveE(G) Sg (U)SG (V)

The fifth multiplicative geometric-arithmetic index of a graph G was introduced by Kulli in [3] and it is defined
as

GAll(G)= [] 2,/Sg (u)Sg (v) 3)

uveE(G) SG (U) + SG (V) '

Recently many other multiplicative indices were studied, for example, in [6, 7, 8, 9, 11, 12, 13, 14, 15, 16, 17,
18, 19].

In this paper, we compute the general fifth multiplicative M-Zagreb indices, fifth multiplicative product
connectivity index, fifth multiplicative sum connectivity index, fourth multiplicative atom bond connectivity
index and fifth multiplicative geometric-arithmetic index of tetrathiafulvalene and POPAM dendrimers. For
more information about these dendrimers, see [20, 21].

Il.  TETRATHIAFULVALENE DENDRIMERS TD;[n]
In this section, we focus on the molecular graph of a tetrathiafulvalene dendrimer. This family of

tetrathiafulvalene dendrimers is denoted by TD-[n], where n is the steps of growth in this type of dendrimers for
n>0. The molecular graph of TD;[2] is shown in Figure 1.

e Lo

Figure 1. The molecular graph of TD2[2]
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Let G be the molecular graph of tetrathiafulvalene dendrimers TD2[n]. By algebraic method, we obtain
that [V(G)|=31x2"2 — 74 and |E(G)|=35%2"2 — 85. Also the edge partition of TD,[n] based on the degree sum of
neighbors of end vertices of each edge is obtained as given in Table 1.

Table 1. Edge partition of TDz[n]

Sc(u), Se(v)\uveE(G) Number of edges
(2’ 4) 2n+2
(3, 6) 2m2_4
(4, 6) 2n+2
(5, 5) 7x2™2_ 16
(5, 6) 11x2"2 24
(5,7) 3x2M2_ g
(6, 6) 2m2_4
6,7) 8x2m2_ 24
7,7 2x2M2_5

Theorem 1. The general fifth multiplicative M;-Zagreb index of a tetrathiafulvalene dendrimer TD,[n] is
Mfle I (G) _ 6a(2“+2) » 9a(2n+2_4) ><:I.(_)a(8><2ﬂ+z_15) xl]_a(llxzmz_m)

4x2™? —12) 8x2"+2—24) 2x2"™? —5)

«12% «13% «14% . @)

Proof: From equation (1) and Table 1, we derive

MGl (G)= [T [Sa(u)+Se(v)]

uveE(G)

a(z"*z) "2 —4) sx2"+2—16) 11x2”*2—24)

X 11a(

1 4a(2x2”*2 —5).

X 10a(
8x2“*2—24)

X 9a(
4x2"™? —12)

-6
«12°% 13

Corollary 1.1. The fifth multiplicative M1-Zagreb index of a tetrathiafulvalene dendrimer TDz[n] is
M, G I (G) — 62" 9?4 108216 111X -24
% 124x2“*2 2., 138x2"*2 -2 1 42x2"*2 -5

Proof: Put a = 1 in equation (4), we get the desired result.

Corollary 1.2. The fifth multiplicative M hyper-Zagreb index of a tetrathiafulvalene dendrimer TD2[n] is
HMlGS 1] (G) — 62n+3 y 92”*3—8 % 108><2“*3_32 “ 1111X2n+3_48
)] 2H2 =24 1 gBx2T48 | 4 4232710

Proof: Put a = 2 in equation (4), we get the desired result.

Corollary 1.3. The fifth multiplicative sum connectivity index of a tetrathiafulvalene dendrimer TD2[n] is

2m? 2m2_4 8x2"2-16 11x2™2 24
w5 (5] () )
J6 NG J10 Ji1
( 1 ]4><2"+2—12 [ 1 jsxz"*224 ( 1 jnxz“—s
X| — X| —— X| —/— .
J12 J13 J14

1
Proof: Puta = _E in equation (4), we get the desired result.
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Theorem 2. The general fifth multiplicative M»-Zagreb index of a tetrathiafulvalene dendrimer TD,[n] is

M SGS 1] (G) — 8a><2n+z ><18?;1(2"&,4_) » 24a><2"+2 “ 25a(7><2n+2716)

a(11x2"?-24) 3x2"?-8) a(2"?-4) 8x2"7-24) a(2x2-5)

« 35° « 42 « 49°

x30 x 36 ®)
Proof: From equation (1) and Table 1, we deduce
MIGsI(G)= T[] [SG W)
weE(G
_ saxz”” 18327 ) a2 5?12 16)
X30a(11><2"*2724) y 35a(3><2"*2—8) “ 36a(2"*274) y 42a(8><2”*2—24) y 49a(2><2"*275>.

Corollary 2.1. The fifth multiplicative M,-Zagreb index of a tetrathiafulvalene dendrimer TD2[n] is
M,Gsll (G)=82" x18%" ~# x 242" x 257" -2
¥QOUX2"-24 | gE32"B  gad"id oBx2"P-24  2q2x2"-5
Proof: Put a = 1 in equation (5), we get the desired result.
Corollary 2.2. The fifth multiplicative M, hyper-Zagreb index of a tetrathiafulvalene dendrimer TD2[n] is
M,Gsll (G) =87 x182" 8 x 247" x 257248
><3011x2"*3—48 % 353x2“*3—16 % 362"*3—8 % 428x2”*2—48 % 492x2“*3—10_

Proof: Put a = 2 in equation (5), we get the desired result.

Corollary 2.3. The fifth multiplicative product connectivity index of a tetrathiafulvalene dendrimer TD3[n] is

2m? 2M2_4 2m? Tx2"2_24 11x2"2-24
werg) & & & )
8 V18 J24 J25 30
( 1 sz"*?—s [ 1 jZ"*2—4 ( 1 j8x2"*2—24 ( 1 jzxz"*z—s
X| —— X| — X| — X .
J35 J36 Ja2 Jas

1
Proof: Puta = _E in equation (5), we get the desired result.

Theorem 3. The fourth multiplicative atom bond connectivity index of a tetrathiafulvalene dendrimer TDz[n] is
2n+2_4

oo (5B 58 B

3x2m?_8 2M2_4 8x2"2_24 x2™2
\F J10 11 1z Y 2
X| .= X| — X — X| —— .
7 6 42 7

Proof: From equation (2) and Table 1, we derive

ABC4||(G)= H JSG(U)+SG(V)_2

weg(e)\  Sa (U)Sa (V)
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2n+2 2n+274 2n+2 7X2n+2 ~16 11><2n+2724
,2+4—2 3+6-2 4+6-2 5+5-2 5+6-2
= X X X X
2x4 3x6 4x6

5x5 5x6

32"2_g 2y 8x2"2_24 2x2"2 5
5+7-2 6+6-2 6+7-2 7+7-2
X X X x )
5x7 6x6 6x7 7

n+2

= T . S ? _4>< L 2 ) & 7x2"*2—16>< ] 11x2"? 24
T

X
2
3x2™2-8 ™24 8x2"2 24 2x2™2 5
2 J10 11 12
X| —— X —_— X .
7 6 42 7
Theorem 4. The fifth multiplicative geometric-arithmetic index of a tetrathiafulvalene dendrimer TDz[n] is

GAj Il (G) = [&]Z(zm_a X (&JZM X (@]ﬂxzm—ﬂ y [\/%)3&”*2_8 . (@)BXZ"*Z_M |

3 5 11 13

6

Proof: From equation (3) and Table 1, we derive

Al (G)= [] 2,/Sg (u)Sg (V)

wee(s) Se (U)+Se (V)

(224 (23x6)" t (2ax6)T (205x5) T (205x6) T
e ) Tes) Uss) o ee)

X( 2J5x7 ]Mm - ) ( 26 x6 ]T - § ( 2J6x7 TXZM 2 ) [ YN JMN -

5+7 6+6 6+7 T+7

(&\2(2"&72) (2\/6\ n2 (@\11x2ﬂ+2724 X(E\SXZMLS X(@\MMAM

3) ) la Yy (137

I11. POPAM DENDRIMERS TD;[n]

In this section, we focus on the molecular graph of POPAM dendrimers. This family of dendrimers is denoted

by POD2[n], where n is the steps of growth in this type of dendrimers. The molecular graph of POD;[2] is
shown in Figure 2.
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Figure 2. The graph of POPAM dendrimer POD2[2]

Let G be the molecular graph of POPAM dendrimers POD;[n]. By algebraic method, we obtain that
[V(POD2[n])|= 2™ — 10 and |E(POD;[n])|= 2" — 11. The edge partition of POD,[n] based on the degree sum of
neighbors of end vertices of each edge is obtained as given in Table 2.

Table 2. Edge partition of PODz[n]
Sc(u), Se(v)\uveE(G) (2,3) (3,4) (4, 4) (4,5) (5. 6)
Number of edges 2n+2 2n+2 1 3x2" -6 3x2" -6

Theorem 5. The general fifth multiplicative M;-Zagreb index of a POPAM dendrimer POD;[n] is

M2G11 (G) =527 x 787 g 237 8) 49737 -6) (6)

Proof: From equation (1) and Table 2, we derive
MPGI1(G)= [ [Se(u)+Se(v)]’
uveE(G)

a(z"*z) 3x2" 76) 3x2" 76)

_ 527 7427)  ga ol 17737 8)

Corollary 5.1. The fifth multiplicative M;-Zagreb index of a POPAM dendrimer POD;[n] is
M,Gsll (G) =52 x 72" x8x 9% =6 11?6,

Proof: Put a = 1 in equation (6), we get the desired result.

Corollary 5.2. The fifth multiplicative M1 hyper-Zagreb index of a POPAM dendrimer POD;[n] is
HM, Gl (G) =522 x 722" 582 x 943 % ~0) 1 1437'~6)

Proof: Put a = 2 in equation (6), we get the desired result.

Corollary 5.3. The fifth multiplicative sum connectivity index of a POPAM dendrimer POD;[n] is

-5 -G -
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1
Proof: Puta = _E in equation (6), we get the desired result.

Theorem 6. The general fifth multiplicative M,-Zagreb index of a POPAM dendrimer POD;[n] is

M2Gql1 (G) =67 x12%2" x16° x 20°(*? ) 5 30%>2"~9) )
Proof: From equation (1) and Table 2, we derive
M2GII (G)= [T [Se(u)Se (V)T =677 x12%2" x16% x 20°% ) 3077 )

uveE(G)

Corollary 6.1. The fifth multiplicative M2-Zagreb index of a POPAM dendrimer POD;[n] is
M,Ggll (G) =62 x12%" x16x 20%2' 0 x30%%

Proof: Put a =1 in equation (7), we get the desired result.

Corollary 6.2. The fifth multiplicative M, hyper-Zagreb index of a POPAM dendrimer POD,[n] is
HM Gl (G) =62 x127" x162 x 20232 ) « 302> ~9)

Proof: Put a = 2 in equation (7), we get the desired result.

Corollary 6.3. The fifth multiplicative product connectivity index of a POPAM dendrimer POD;[n] is
1 PA 1 2 1 1 3x2"-6 1 3x2"-6
PSII(G)z— X| — x| = |x| — X| —— .
V6 J12 4) (20 J30

1
Proof: Puta = _E in equation (7), we get the desired result.

Theorem 7. The fourth multiplicative atom bond connectivity index of a POPAM dendrimer POD2[n] is
1 o2 3 M2 3 7 3x2"-6 3 3x2"-6
ABC4II(G): — x| [— X \/: x| |— I .
V2 12 8 (V20 10
Proof: From equation (2) and Table 2, we deduce

ABC,1I (G) = uvge) \/SG éz)(:)sge((v"))_ 2

2m2 22 1 3x2"-6 3x2"-6
| [2+3-2 y 3+4-2 y 4+4-2 . 4+5-2 « 5+6-2
2x3 3x4 4x4 4x5 5x6

on+2 2"+ 1 3x2"-6 3x2"-6
2 12 8 20 10 '

Theorem 8. The fifth multiplicative geometric-arithmetic index of a POPAM dendrimer POD2[n] is

(238) (242)° (292007 ° (2430)°7"°
ane=7) ) e ) )
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Proof: From equation (3) and Table 2, we deduce

Al (G)= [] 2,/Sg (u)Sg (V)

wee(s) Se (U)+Se (V)

:(ZMJW X[ZMJZM X(Z\/_ (2\/4—]&2”—6 X(Z\/5><_6]3X2n_6
4

2+3 3+4 4+5 5+6

5 11

4><4J1 x5

X

+4

) 2\/62 ) 2\/]32 ) stxz 6>< 2\/%&2 6

7 9 '
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