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Abstract 

We introduce the minus F-index and square F-index of a graph. In this study, we 

determine the minus F-index, square F-index and their polynomials of porphyrin 

dendrimer, propyl ether imine dendrimer, zinc porphyrin dendrimer and poly ethylene 

amide amine dendrimer. 

1. Introduction 

Let G be a finite, simple, connected graph with vertex set ( )GV  and edge set ( ).GE  

The degree ( )vdG  of a vertex v is the number of edges incident to v. The edge 

connecting vertices u and v will be denoted by uv. For other definitions and notations, 

readers are referred to [1]. 

Chemical Graph Theory is a branch of Mathematical Chemistry which has an 

important effect on the development of Chemical Sciences. A molecular graph or 

chemical graph is a simple graph such that its vertices correspond to the atoms and the 

edges to the bonds. In Chemistry, topological indices have been found to be useful in 

discrimination, chemical documentation, structure property relationships, structure   

activity relationships and pharmaceutical drug design. There has been considerable 

interest in the general problem of determining topological indices, see [2, 3]. 

The first F-index [4] and second F-index [5] of a graph G are defined respectively as  
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Recently some novel variants of F indices were introduced and studied such as F-

indices [5], connectivity F-indices [6], multiplicative F-indices [7]. 

The irregularity index (called as minus index [8]) was introduced by Albertson in [9] 

and defined as 

( ) ( ) ( )
( )
∑
∈

−=
GEuv

GGi vdudGM .  

Recently, the square ve-degree index was introduced by Kulli in [10] and defined as  

( ) ( ) ( )[ ]
( )
∑
∈

−=
GEuv

veveve vdudGQ .
2

 

Very recently, some square indices were introduced and studied such as square 

reverse index [11], square Revan index [12] square leap index [13], square KV index 

[14]. 

We now introduce the minus F-index and square F-index of a graph G as follows: 

The minus F-index of a graph G is defined as  

( ) ( ) ( )
( )
∑
∈

−=
GEuv

GG vdudGMF .
22

                                  (1) 

The square F-index of a graph G is defined as  

( ) [ ( ) ( ) ]
( )
∑
∈

−=
GEuv

GG vdudGQF .
222                                      (2) 

Considering the minus F and square F indices, we define the minus F and square F 

polynomials of a graph G as 

 ( ) ( ) ( )

( )
∑
∈

−=
GEuv

vdud GGxxGMF ,,
22

                                    (3) 

( ) [ ( ) ( ) ]
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.222

,                                   (4) 
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In this paper, we consider the porphyrin, propyl ether imine, zinc porphyrin and poly 

ethylene amide amine dendrimers. Some degree based topological indices, eccentricity 

based topological indices of these dendrimers were studied in [15, 16, 17, 18, 19, 20]. In 

Chemical Graph Theory, graph polynomials related to molecular graph were studied in 

[21, 22, 23, 24, 25, 26, 27, 28, 29]. Graph polynomials and topological based numbers 

have significant importance to collect information about properties of chemical 

compounds [30]. In this paper, the minus F and square F indices and their polynomials 

of porphyrin, propyl ether imine, zine porphyrin and poly ethylene amide amine 

dendrimers are determined. 

2. Results for Porphyrin Dendrimer nnPD  

We consider the porphyrin dendrimer which is denoted by .nnPD  The porphyrin 

dendrimer is shown in Figure 1. 

 

Figure 1. Porphyrin dendrimer .nnPD  
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Let nnPDG =  be a porphyrin dendrimer. By calculation, G has 1096 −n  vertices 

and 11105 −n  edges. In G, there are six types of edges based on degrees of end vertices 

of each edge. By calculation, the edge partition of G is given in Table 1. 

Table 1. Edge partition of .nnPD  

( ) ( ) ( )GEuvvdud GG ∈\,  (1, 3) (1, 4) (2, 2) (2, 3) (3, 3) (3, 4) 

Number of edges 2n 24n 510 −n  648 −n  13n 8n 

Theorem 1. The minus F-index of nnPD  is 

( ) .30672 −= nPDMF nn  

Proof. Let .nnPDG =  By using equation (1) and Table 1, we obtain 

( ) ( ) ( )
( )
∑
∈

−=
GEuv

GGnn vdudPDMF
22  

( )510222441231
222222 −−+−+−= nnn  

( ) nnn 843133364832 222222 −+−+−−+  

.30672 −= n  

Theorem 2. The minus F polynomial of nnPD  is 

( ) ( ) ( ) .5236488224,
057815

xnxnnxnxnxxPDMF nn −+−+++=  

Proof. Let .nnPDG =  By using equation (3) and Table 1, we have 

 ( ) ( ) ( )

( )
∑
∈

−=
GEuv

vdud
nn

GGxxPDMF
22

,  

( )
222222 224131

510242
−−− −++= xnnxnx  

( )
222222 433332

813648
−−− ++−+ nxnxxn  

( ) ( ) .5236488224
057815

xnxnnxnxnx −+−+++=  
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Theorem 3. The square F-index of nnPD  is 

( ) .1507120 −= nPDQF nn  

Proof. Let .nnPDG =  From equation (2) and using Table 1, we deduce 

( ) [ ( ) ( ) ]
( )
∑
∈

−=
GEuv

GGnn vdudPDQF
222

 

( ) ( ) ( ) ( )510222441231
222222222 −−+−+−= nnn  

( ) ( ) ( ) ( ) nnn 843133364832
222222222 −+−+−−+  

.1507120 −= n  

Theorem 4. The square F-polynomial of nnPD  is  

( ) ( ) ( ) .5236488224,
0254964225

xnxnnxnxnxxPDQF nn −+−+++=  

Proof. Let .nnPDG =  From equation (4) and by using Table 1, we derive 

( ) [ ( ) ( ) ]

( )
∑
∈

−=
GEuv

vdud
nn

GGxxPDQF
222

,  

( ) ( ) ( ) ( )222222222 224131 510242 −−− −++= xnnxnx  

( ) ( ) ( ) ( )222222222 433332 813648 −−− ++−+ nxnxxn  

( ) ( ) .5236488224
0254964225

xnxnnxnxnx −+−+++=  

3. Results for Propyl Ether Imine Dendrimer PETIM 

We consider the propyl ether imine dendrimer which is denoted by PETIM. This 

dendrimer is presented in Figure 2. 
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Figure 2. Propyl ether imine dendrimer PETIM. 

 Let G be a propyl ether imine dendrimer PETIM. By calculation, G has 

23224 −× n  vertices and 24224 −× n  edges. 

 In G, there are exactly three types of edges based on degrees of end vertices of each 

edge. Also by calculation, the edge partition of G is given in Table 2. 

Table 2. Edge partition of PETIM. 

( ) ( ) ( )GEuvvdud GG ∈\,  (1, 2) (2, 2) (2, 3) 

Number of edges 12 +n  182 4 −+n  626 −× n  

Theorem 5. The minus F-index of PETIM is  

( ) .3023023 1 −×+×= + nn
PETIMMF  

Proof. Let .PETIMG =  By using equation (1) and Table 2, we deduce  
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( ) ( ) ( )
( )
∑
∈

−=
GEuv

GG vdudPETIMMF
22

 

( ) ( )6263218222221 22422122 −×−+−−+−= ++ nnn  

.3023023 1 −×+×= + nn  

Theorem 6. The minus F polynomial of PETIM is 

( ) ( ) ( ) .1822626,
04315

xxxxPETIMMF
nnn −++−×= ++  

Proof. Let PETIMG =  from equation (3) and by using Table 2, we derive  

( ) [ ( ) ( ) ]

( )
∑
∈

−=
GEuv

vdud GGxxPETIMQF
222

,  

( ) ( )
222222 32224211 6261822

−−+−+ −×+−+= xxx nnn  

( ) ( ) .1822626
04315

xxx
nnn −++−×= ++  

 Theorem 7. The square F index of PETIM is  

( ) .150215029 1 −×+×= + nn
PETIMQF  

Proof. Let .PETIMG =  By using equation (2) and Table 2, we obtain  

( ) [ ( ) ( ) ]
( )
∑
∈

−=
GEuv

GG vdudPETIMQF
222

 

( ) ( ) ( ) ( ) ( )6263218222221
22242221222 −×−+−−+−= ++ nnn  

.150215029 1 −×+×= + nn  

 Theorem 8. The square F-polynomial of PETIM is  

( ) ( ) ( ) .1822626,
049125

xxxxPETIMQF
nnn −++−×= ++  

Proof. Let .PETIMG =  From equation (4) and by using Table 2, we have  
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( ) [ ( ) ( ) ]
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( ) ( ) ( ) ( ) ( )222222222 32224211 6261822 −−+−+ −×+−+= xxx nnn  

( ) ( ) .1822626
049125

xxx
nnn −++−×= ++  

4. Results for Zinc Porphyrin Dendrimer nDPZ  

 We consider the zinc porphyrin dendrimer and it is symbolized by .nDPZ  The zinc 

porphyrin dendrimer is depicted in Figure 3. 

 

Figure 3. Zinc porphyrin dendrimer nDPZ . 

 Let nDPZG =  be a zinc porphyrin dendrimer. By calculation, G has 4264 −× n  

edges. In G, there are four different types of edges based on degrees of end vertices of 

each edge. Also by calculation, the edge partition of G is given in Table 3. 
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Table 3. Edge partition of nDPZ . 

( ) ( ) ( )GEuvvdud GG ∈\,  (2, 2) (2, 3) (3, 3) (3, 4) 

Number of edges 4216 −× n  16240 −× n  1228 +× n  4 

Theorem 9. The minus F-index of nDPZ  is 

( ) .522200 −×= n
nDPZMF  

Proof. Let .nDPZG =  By using equation (1) and Table 3, we have  

 ( ) ( ) ( )
( )
∑
∈

−=
GEuv

GGn vdudDPZMF
22

 

( ) ( )1624032421622
2222 −×−+−×−= nn  

( ) 443122833
2222 −+−×−+ n  

.522200 −×= n  

Theorem 10. The minus F-polynomial of nDPZ  is  

( ) ( ) ( ) .8224162404,
057

xxxxPETIMQF
nn +×+−×+=  

Proof. Let .nDPZG =   From equation (3) and by using Table 3, we obtain 

( ) [ ( ) ( ) ]

( )
∑
∈

−=
GEuv

vdud
n

GGxxDPZMF
22

,   

( ) ( )
2222 3222

162404216
−− −×+−×= xx nn  

( )
2222 4333

41228
−− +−×+ xxn  

( ) ( ) .8224162404
057

xxx
nn +×+−×+=  

Theorem 11. The square F-index of nDPZ  is 

( ) .20421000 −×= n
nDPZQF  
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Proof. Let .nDPZG =  By using equation (2) and Table 3, we deduce  

( ) [ ( ) ( ) ]
( )
∑
∈

−=
GEuv

GGn vdudDPZQF
222  

( ) ( ) ( ) ( )1624032421622
222222 −×−+−×−= nn  

( ) ( ) ( ) 443122833
222222 −++×−+ n  

.20421000 −×= n  

Theorem 12. The square F-polynomial of nDPZ  is  

( ) ( ) ( ) .8224162404, 02549
xxxxDPZQF

nn
n +×+−×+=  

Proof. Let .nDPZG =  From equation (4) and by using Table 3. We derive  

( ) [ ( ) ( ) ]

( )
∑
∈

−=
GEuv

vdud
n

GGxxDPZQF
222

,  

( ) ( ) ( ) ( )222222
3221 162404216 −− −×+−×= xx

nn  

( ) ( ) ( )222222 4333 41228 −− ++×+ xxn  

( ) ( ) .8224162404
02549

xxx
nn +×+−×+=  

5. Results for Poly Ethylene Amide Amine Dendrimer PETAA 

We consider the poly ethylene amide amine dendrimer which is denoted by PETAA. 

This dendrimer is shown in Figure 4. 
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Figure 4. Poly ethylene amide amine dendrimer PETAA. 

 Let PETAAG =  be a poly ethylene amide amine dendrimer. By calculation, G has 

18244 −× n  vertices and 19244 −× n  edges. In G, there are four different types of 

edges based on degrees of end vertices of each edge. Also by calculation, the edge 

partition of G is given in Table 4. 

Table 4. Edge partition of PETAA. 

( ) ( ) ( )GEuvvdud GG ∈\,  (1, 2) (1, 3) (2, 2) (2, 3) 

Number of edges n24 ×  224 −× n  8216 −× n  9220 −× n  

Theorem 13. The minus F-index of PETAA is 

( ) .612144 −×= n
PETAAMF  

Proof. Let .PETAAG =  From equation (1) and by using Table 4, we obtain 

( ) ( ) ( )
( )
∑
∈

−=
GEuv

GG vdudPETAAMF
22  
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( )224312421
2222 −×−+×−= nn  

( )821622
22 −×−+ n ( )922032

22 −×−+ n  

.612144 −×= n  

Theorem 14. The minus F-polynomial of PETAA is  

( ) ( ) ( ) 358
249220224, xxxxPETAAMF

nnn ×+−×+−×=  

( ) .8216
0

x
n −×+  

Proof. Let .PETAAG =  By using equation (3) and Table 4, we deduce 

( ) [ ( ) ( ) ]

( )
∑
∈

−=
GEuv

vdud GGxxPETAAMF
22

,  

( )
2222 3121

22424
−− −×+×= xx nn  

( )
22 22

8216
−−×+ xn ( )

22 32
9220

−−×+ xn  

( ) ( ) 358
249220224 xxx

nnn ×+−×+−×=  

( ) .8216
0

x
n −×+  

Theorem 15. The square F-index of PETAA is 

( ) .3532792 −×= n
PETAAQF  

Proof. Let .PETAAG =  By using equation (2) and Table 5, we derive  

( ) [ ( ) ( ) ]
( )
∑
∈

−=
GEuv

GG vdudPETAAQF
222  

( ) ( ) ( )224312421
222222 −×−+×−= nn  

( ) ( )821622
222 −×−+ n ( ) ( )922032

222 −×−+ n  

.3532792 −×= n  
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Theorem 16. The square F-polynomial of PETAA is  

( ) ( ) ( ) 92564 249220224, xxxxPETAAQF
nnn ×+−×+−×=  

( ) .8216
0

x
n −×+  

Proof. Let .PETAAG =  From equation (4) and by using Table 4, we get  

( ) [ ( ) ( ) ]

( )
∑
∈

−=
GEuv

vdud GGxxPETAAQF
222

,  

( ) ( ) ( )222222 3121 22424 −− −×+×= xx nn  

( ) ( )222
228216 −−×+ x

n ( ) ( )222
329220 −−×+ x

n  

( ) ( ) 92564
249220224 xxx

nnn ×+−×+−×=  

( ) .8216
0

x
n −×+  
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