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Abstract

In chemical graph theory degree based topological indices
M;(G),M,(G),"M3(G),R.(G),RR,(G),SDD(G),H(G),I(G),and A(G) from M-polynomial are generally studied.In
this paper degree based topological indices such as-atom bond connectivity index,fourth atom bond connectivity
index,forgotten index,redefined third Zagreb index,fifth Zagreb index,SK(G) index,SK1(G) index,and SK,(G)
index are investigated from M-polynomials for metal complexes of Zinc(ll),Manganese(ll),Cobalt(ll) and
Copper(ll).
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l. INTRODUCTION

A molecular graph is a representation of the structural formula of a chemical compound in terms of
graph theory,whose vertices correspond to the atoms and edges correspond to chemical bonds [1].A topological
index is a numerical parameter mathematically derived from the graph structure. All graphs considered in this
paper are finite, connected, loop less, and without multiple edges. The topological indices has huge appilcaions
in pharmacy, theoretical chemistry and especially in QSPR/QSAR [2].Topological invariant of graphis a single
number descriptor which is correlated to certain chemical,thermodynamical and biological behaviour of the
chemical compounds. Let

G(V,E) be a graph with vertex set V and edge set E. The degree of a vertex u belong to E(G) is denoted
by d, and is the number of vertices that are adjacent to u. The edge connecting the vertices u and v is denoted by
uv.In the study of M-polynomials based topological indices the formulas of topological indices in the form of
degree are taken as standard and formation of new formulasin differential operators are done in such away that
yields almost close value of the obtained value of toplogical indices.Generally first Zagreb index, second
modifed Zagreb index, Randic index, inverse Randic index, symmetric division index, inverse sum index and
augmented Zagreb index are investigated from M-polynomials [3-14].

ABC,4(G)and GAs(G) of certain nanotubes are studied by S.Hayat et al. [15].F-indices and F-
polynomials of the carbon nanocones are studied by N.K.Raut et al. [16].M-polynomials of drugs used in the
treatment of COVID-19 are studied by R.H.Khan et al. [17].Topological indices of vitamin D3 are studied by
M.R.R.Kanna et al. [18].Zagreb polynomials and redefined Zagreb indices of nanostar dendrimers are studied
by S.M.Kang et al. [19].Redefined Zagreb indices of rhombic, triangular, hourglass and jagged-rectangle
benzenoid systems are studied by M.A.Mohammed et al. [20].Predicting anticancer activity of marine
pyridoacridine alkaloids-Computation approach using topological indices study is done by J.Senbagamalar et al.
[21].Application of topological indices of Tenofovir chemical structures for the cure of HIVV/AIDS patients is
discussed by B.K.Shree et al. wherein two new degree based topological indices from M-polynomials-forgotten
index and redefined third Zagreb index are introduced [22].M-polynomials and entropy of para-line graph of
naphthalene are studied by T.U.Islam et al. [11].In the study of molecular properties of symmetrical networks
using topological polynomials X.L.Wang [13] has intoduced the formula for computation of forgotten index in
terms of forgotten polynomial.F index is vertex degree based topological index and is studied byFurtula and
Gutmandefined F index as the sum of cubes of vertex degrees [23].The forgotten index can be studied by three
approaches for graph G(V,E) as
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F(G) =Yuvere) du’ = Tuver (dy’ +d,°),from forgotten polynomial of graph,
F(G.X) =Xuver(q) (@ *%° ) and in M-polynomial asF(G) = (D,? + D,%) M(G;X,y))lx=y=1-

Chemical,physical and biological properties of Zinc(I1) and Manganese(ll) are studied by S.N.Ipper[24,25] and
Cobalt(I1),Copper(Il) are prepared and investigated by S.N.Ipper [26].The chemical formulas of these metal
Complexes of Zn(II),Mn(II),Co(II) and CU(“) are CstzoOsszn,CzaszOloMn,CstzeOeCO and ngHzeOeCU
respectively.A chalcone is a simple scaffold of many naturally occuring compounds and has widespread
distribution in vegetables, fruits and plants. Many chalcone derivatives have been prepared due to their
convenient synthesis.These natural and synthetic compounds have shown numerous interesting biological
activities with clinical potentials against various diseases [27].M-polynomial,eccentricity and degree based
topological indices of chalconeare studied by N K.Raut et al. [28].Schultz indices and Schultz polynomials of
alkanes are studied by H.K.Aljanabi [29]. The ABC index is described as

ABC(G) = Zuver(s) d“;d; _Zby M.Ghorbani et al. in [30] and [31,32,33] have introduced the fourth version
of atom bond connectivity index asABC4(G) = Xyver(6) s“; ss" =

where Sy= Yover@) 4y aNd S=Xuveri) du-

The M-polynomial is quite similar to the Hosoya polynomial except the fact that it produces degree based
topological indices.The main advantage of M-polynomial is the information it contains about the degree
basedgraph invariants.lIt is intersting to investigate other degree based topological indices by using differential
operators from M-polynomials. The notations used in this paper are mainly taken from books [34--36].The M-
polynomial of graph G is defined as,M(G;x,y) = ¥s<i<j<a myj (G) x'y/,

where § = min{d,|v € V(G)},A = max{d,Jve V(G)},and m;(G) is the edge vu € E(G) such that i < j, with Dy = X

af (x, af (x, , ) o
L0, Dy =y L0 5= [P e S= [ TE2 dt, 3(6(y) = Fxx), Qulfkxy)) = X" Fxy).

In this paper we study the atom bond connectivity index,fourth atom bond connectivity index,forgotten
index,redefined third Zagreb index,fifth Zagreb index,SK index,SK; index, and

SK; index from M-polynomials using differential operators for metal complexes of
Zinc(11),Manganese(11),Cobalt(I1) and Copper(ll).

1. MATERIALS AND METHODS

Let G be agraph with vertex set V(G) and edge set E(G).The degree of a vertex ue(E) is denoted by
d,and is the number ofvertices that areadjacent to u.The edge connecting u and v is denoted by uv.Molecular
graphs are actually a graphical representation of molecular structure through vertices and edges so that each
vertex correspond to atoms and theedges represents the bondsbetween them.The structures of the metal
complexes of Zinc(ll),Manganese(ll),Cobalt(ll) and Copper(ll) are shown in the figures 1-3.From the 2-
dimensional graphs of complexes of Zn (11), Mn (11),Co (Il) and Cu (II) the number of vertices and edges are
decided. From figure of molecular graph of complex of Zn (11) we get |V(G)| = 37 and |E(G)| = 42.We have five
partitions of the edge E(G) of graph G represented in table 2. There are |Eg23/=14,|E2.33/= 16,|E2.0/= 4, |Eqzayl=
6, and |[Epgl= 2 edges,for complex of Zinc(ll)represented as:Egp= {uveE(G)|dy=2,d,=2},Epay =
{uveE(G)|d,=2,d,=3},E.43= {uveE(G)|d,=2,0,~4} Eg 5= {uveE(G)|d,=3,d,=3},andE 3=
{uveE(G)|d,=1,d,=3}.

The edge partition of complex of Zinc(Il) graph based on the degree sum of neighbor vertices of end
vertices of each edge is decided.Using the differential operators given in table 1 the topological indices-atom
bond connectivity index,fourth atom bond connectivity index,forgotten index,redefined third Zagreb index, fifth
Zagreb index,SK index,SK; index,and SK, index are computed.The structure of complexes of Manganese(ll)
(figure 2) and Cobalt(Il) and Copper(ll) is given in figure 3.From the molecular graphs of complexes of
Manganese(11),Cobalt(l1) and Copper(Il) the values of |V(G)| and |E(G)| and edge partition of graph Ghased on
the degree sum of neighbor vertices of end vertices of each edge are observed and used in thecomputation of
topological indices.This is done in the following section.
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Figure 1. Metal complex of Zinc (I1) with chalcone of pyridine-2-carbaldehyde.

1. RESULTS AND DISCUSSION

In the study of M-polynomials based topological indices the formulas of topological indices in degrees
are taken as standard and formation of new formulas in terms of differential operators are done in such away
that yields almost close value of the obtained value of toplogical indices.Generally first Zagreb index, second
modifed Zagreb index, Randic index, inverse Randic index, symmetric division index,inverse sum index and
augmented Zagreb index are investigated from M-polynomials.lt is interesting to investigate other degree based
topological indices by using differential operators from M-polynomials. We have discussed the forgotten index
in degree based formula, forgotten polynomial,M-polynomial.We have the close values for the metal complexes
of Zn (I1), Mn (1), Co (I1) and Cu (II) from degree based formulas and differential operator form M-polynomial
formulas.In the study of fourth atom bond connectivity indexthe formula of atom bond connectivity index in the
form of M-polynomial can be tried for

Su+Sy -2

ABC,(G) = ZuVEE(G) SuSy

, WhereS,= Xovery dv.@nd S=Xvere) du-

The formula for atom bond connectivity index is S, Q.2 Dy Dy *(M(G;X,y))lx = y = 1.Ifin place of degree of u
and v the sum of degree of neighbouring vertices are used.The result is the same indicating the usability of the
formula ABC index in M-polynomial for ABC,4.The edge pattition and degree sum of vetices for complex of
Zinc (1) are placed in table 2-3.The edge partition and vertices degree sum of Mn(lIl),Co(Il) and Cu(ll) are
given table 4-9.The topological indices are computed from M-polynomials by taking thefunction as f(x,y) =
M(G;x,y).The topological indices-atom bond connectivity index,fourth atom bond connectivity index,forgotten
index,redefined third Zagreb index,fifth Zagreb index,SK index,SK; index, and SK; index are computed from
M-polynomials using differential operators for metal complexes of Manganese(ll),Cobalt(11) and Copper(ll) and
are represented in table 10-11.

Topological indices of complex of Zinc (1)

Theorem 3.1. LetG be the graph of complex of Zinc (II) then its atom bondconnectivity index iSABC(G)=
29.65.

Proof.The graph of the complex of Zinc (Il) contains 37vertices and 42 edges.From figure 1 we notice that there
five separate cases and the number of edges are different:namely E2 23 Eq231, E2.43, Egzap,and Eqp a3

Ep= {uveE(G)|d,=2,d,=2},E 3y = {uveE(G)|d,=2,d,=3},E» = {uveE(G)|d,=2,d,=4},
E{z ;= {uveE(G)|d,=3,d,=3},and E 33 = {uveE(G)|d,=1,d,=3}.
The number of edges E(;23,E231,Eq2.43,Es.31,and E(1 53 are 14,16,4,6,and 2respectively.

dy+dy, -2
dydy,

The atom bond connectivity indexABC(G) = Xyver(6)

:14\/2+2—2+16\/2+3—2+4\/2+4—2+ 6\/3+3 —2+ 2 \/1+3—2.

2x2 2%3 2%4 3%3 13

= 29.65.

In order to find ABC index from M-polynomials we need the following:

The M-polynomial of complex of Zinc (1) graph G

M(G;x,y) =
ZasisjsA m;;(G) X Y=Y Moy (G) X2y 2+ Y, 3 my3 (G) x2y> +

Yi2caMpa(G) X2y *+ Y3333 (G) X3y +X 1 3my3(G) x1y>.
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= Epaly +Epal’y +HEp gy +Eqa Y +Eq X'y

=14 X2y + 16 XoyP+ 4 X2y + 6X°yP+2xt v,

M(G;x,y)= 14 X2 y* + 16 X°y*+ 4 X2 y* + 6X°y*+2x! yP.

ABC(G) =5, Q.5 D,* D, (M(G;X,Y))lk =y = 1-

Dy—l/Z(f(X’y)) - 2—1/2 14X2 y2+ 3—1/2 16 X2 y3 + 4-1/2 4X2 y4+ 3-1/2 6 XS y3 + 3-1/2 2Xl y3

DX—1/2Dy—l/2(f(X’y)) :2—1/2 2—1/2 14X2 y2+2-l/2 3-1/2 16 X2 y3 + 2-1/2 4-1/2 4X2 y4+ 3-1/2 3-1/2 6 X3 y3 +3—1/2 2 Xl y3
.J DX—1/2Dy—l/2(f(X’y)) :2—1/2 2—1/2 14X4 +2-l/2 3-1/2 16 X5+ 2-1/2 4-1/2 4X6+ 3-1/2 3-1/26 X6+ 3—1/2 2 X4 )

Q —ZJ D —l/2D —l/Z(f(X y)) _2—1/2 2—1/2 14X2 +2-l/2 3-1/2 16 X3+ 2-1/2 4-1/2 4X4 + 3-1/2 3-1/26 X4+ 3—1/2 2 X2

S l/ZQ J D l/ZD l/Z(f(X y)) =2 1/2 2 -1/2 14X2 * (l/ 2 1/2) + 2 -1/2 3 -1/2 16 X3 * (1/3 1/2) + 2 12 4 -1/2 4X4 * (1/4 1/2)+ 3
1/23 1/26 X4 * (1/4 1/2 )+ 3 1/22 XZ * (1/2 1/2)

ABC(G) = S,MQ ,J DDy ™(f(X,y))|x = y =1 = 29.68.

Theorem 3.2. Let G be the graph of complex of Zinc(ll) then its fourth atom bond connectivity index is
ABC,(G) =29.68.

Proof. The partition based on the degree sum of neighbor vertices of G is obtained (table 3).From figure 1 we
notice that there eleven separate cases and the number of edges are different based on degree sum of neighbor
vertices of G: nam6|y E{4‘4}'E{4‘5},E{5‘5},E{5V5},E{5,7},E{7,9},E{5,9},E{7,7},E{3,6},E{7,28},andE{4,6}.

Using degree sum of neighbors of end vertices of each edge, we have

E 4= {UuveE(G)|Sy=4,S,=4} E(4 53 = {uveE(G)|Sy=4,S,=5} ,Es6y= {UVEE(G)|S,=5,5,~6},
E s = {UvEE(G)|S,=5,S,=5},E 5 73= {uvEE(G)|Sy=5,S=7},E{7.9y= {UVEE(G)|S,=7,5,~9},
Ee01= {uveE(G)[S.=6,5,=9}.Er = {uveE(G)|Sy=7,S=7},E 6= {uvEE(G)|S,=3,S,= 6},
E7.26= {UuveE(G)|S,=7,5,=28},and Eg 6= {UvEE(G)|S,=4,S,=6}.

The fourth atom bond connectivity index is computed as

Su+Sy-2
ABC4(G) = ZuveE(G) SuSy

4+44-2 +5 —2 +5 —2 5+7-2 7+9-2
= + } } +
E{M}J i E{4,5}\/ s E{se}‘/ e E{SS}\/ E{SJ}\/ e E{79},/
+28-2 4+6-2
E{eg}‘/ Em}\/ e 'E{se}\/ e E{728}\/ s 'E{4,6}\/ e

= 29.68.

In the application of the degree based formula of ABC index for computation of ABC, index in M-polynomial
we use S,and S, in place of Dy and Dy and follow the same procedure for computation of ABC,, and the result
we obsevedisas follows.

In order to to find ABC, index from M-polynomial we need the following:

The M-polynomial of complex of Zinc (1) graph (G) is

M(G:x,y) = ZasisjsA m;;(G) xtyl=

DaaMaa(G) x*y + 245 mys (G) x*y ZS<6 Mg (G) X3y *+ Y55 M55 (G) X°y +Ls<; M, (G) x5y 7+

+Y7<9M79(G) X7 y +26<9m69(0)x V2 X7erMy7(G) X7y +X 306 M36(G) X3y O+ <08 M725(G) x7y?8 +
YiaceMae(G) x* y

— 4.4 4, 5, 5 5.,7 7 6 7.7 3,6
= IE{4,4}|§< y +|E{4,5}|>f1 YHEsaXY + [EesX Y +HEsnXY +EggX Y +HEweaX Y +HEqnIXY +HEgaXYy
JE 28XV + [Ega /X

=5x* y* + 7x4y5+ XV + 2y +AC Yy +4 Xy + 280+ A X7y + 23yP+axT Y Xt P
M(G;x,y)=5 X'y + 7 X'+ 7 X° y° + 2 Y +4X° y'+4 X7y + 2 X8+ 4 X7y + 23yP+4x" y*8, x* P,
Fourthatom bond connectivity index =S, Q.J D, Dy *(M(G;X,Y))lx =y = 1.

Using S, and S, in place of D, and Dy in the formula of ABC index,we have
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()yl/Z(f(Xy))_5*4l/2X y+7*51/2 4y5 7*61/2 5y6+2*5-l/2X5y5+4* 7-1/2X5y7+4*9-1/2X7y9+2*9-1/2
y9+4*7 Xy+2*61/2 3y6+4* 281/2 7y28+ 61/2 4y6

D 1/2D l/Z(f(Xy)) 5*41/2 41/2 4y4+7*41/2 51/2 4y5+7*51/2 61/2 5y6+2 *5 1/2 51/2 5y5+4* 5-1/2 7-1/2
5y+4*7 1/2 7y9+2*61/2 91/2 6y9+4*7l/2 71/2X +2* 31 61/2 +4* 71/2 28—1/2X7y28+
41/2 61/2 4y6

JD 1/2D l/Z(f(X y)) 5*41/2 41/2X8+7*4 1/2 51/2X9+7*51/2 61/2Xll +2 *51/2 51/2 10+4* 51/2 71/2X12+4
*71/2 9 2 16 2*61/2 91/2 15 4*71/2 71/2Xl4+2* 31/2 61/2X9+4* 71/2 281/2X35+ 41/2 61/2 10

Q JD l/2D l/Z(f(X y)) 5*41/2 41/2X6+7*4 1/2 51/2X7+7*5 1/2 61/2X9 +2 *5 1/2 51/2 8+4* 51/2 71/2 10+
4*71/2 91/2Xl4+2*61/2 91/2Xl3+4*7l/2 71/2X12+2* 31/2 61/2X7+4* 71/2 281/2 33 41/2 61/2 8

S l/ZQ J D l/2D l/Z(f(X y)) 5* 4 1/2 4 -172 X6 (1/6 1/2) +7*4 -1/2 5 1/2 X7 (l/ 7 1/2 )+ 7 *5° 12 6 -1/2 X9(1/9 1/2)+2 *5°
1/2 5 1/2 X8(1/ 8 1/2 )+4 * 5 172 7 -1/2 X10(1/10 1/2 )+ 4*7T 1/2 o -1/2 Xl4(l/14 1/2) +2%* 61/2 -1/2 13(1/13 12 )+ 4*7 1/2 7
1/2 12(1/12 1/2 )+ 2% 3 1/2 6 -1/2 X7 (1/7 1/2 )+ 4* 7 -1/2 28 -1/2 X33(l/33 1/2) + 4 -1/2 6 -1/2 X8(1/8 1/2)

ABC4(G) =S,MQ ,J D, "Dy ™ (f(X,y))x=y=1 = 29.68.

Theorem 3.3. Let G be the graph of complex of Zinc (1) then its fogotten index is

F(G)=528.

Proof.The forgotten index is computed from degree based formula, forgotten polynomial and M-polynomial.

1) Forgotten index: degree based formula
F(G) = Xuper(ds +d3)

= 14(2°+2%) + 16(2°+ 3%) + 4(2%+ 4°) + 6(3%+ 3%) + 2(1°+ 3°).
=528.

2) Forgotten index based on forgotten polynomial

F(GXY) =Zuver(e) 14041
—14x @D+ @7 4 16l@D* B 4 4x[DH@T 4 g3+ 425 (VBT
= 14x® + 16x13+ 4 x20 + 6x18 + 2x1°.
F(G;x,y) = 14x8 + 16 x3+ 4 x20 + 6x18 + 2x10.
D F(Gix.y) = 14%8x® + 16*13x 3+ 4%20x20 + 6*18x18 + 2%10 x10.

F(G) = DwF(Gix.Y)lx=y=1 =528.
3) Forgotten index based on M-polynomial

Let f(x,y) = M(G:x,y) = 14 X* y* + 16 X2y*+ 4 X* y* + 6X°y*+ 2x* V2.

De(f(x,y)) = 28 x? y* + 32x°y*+8 2 y* + 18 x° y* + 2x1Y°.

Dy(f(x,y)) = 28 X* y* + 48x%y*+16 x* y* + 18 X* y* + 6x'y’.

DA(f(x,Y)) = 56 X% y* + 64x%Y*+16 x* y* + 54 X3 y* + 2x*y°.

D,2(f(x,y)) = 56 X* y* + 144x°y*+64 x* y* + 54 x® y* + 18x'y".

[D,2+ DI(f(x,y)) = 112 x* y* + 208x%y*+80 x° y* + 108 x° y* + 20x'y’.
F(G) = [D*+ D(f(X,y))lx=y =1 = 528.

Theorem 3.4. Let G be the graph of complex of Zinc(Il) then its redefined third Zagreb index is ReZG;(G) =
1244,

Proof. The redefined third Zagreb index
ReZG3(G) = Luvere)(du * dy)(dytdy) =
14 (2*2) (2+2) + 16 (2*3) (2+3)+4 (2*4) (2+4)+6(3*3) (3+3)+2 (1*3) (1+3).
= 1244,
The M-polynomial
Let f(x,y) = M(G:x,y) = 14 x* y* + 16 X3y*+ 4 X2 y* + 6x°y*+2xt v,
Dy(f(x,y)) = 28 X* y? + 32xy*+8 x* y* + 18 x° y3 +2xy°.
Dy(f(x,y)) = 28 X* y* + 48x’y*+16 X° y* + 18 X° y* + 6x'y°.
(DD, (f(x,y)) =56 X" y* + 80x*y*+24 x* y* + 36 X* y° + 8x'y’.
*Corresponding Author: N.K.RAUT 12 | Page
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D,(D:+Dy)(f(x,y)) = 112x° y* +240x°y*+96x° y* + 108x° y* + 24x'y’.
D,D,(D,+Dy)(f(x,y)) =224 x* y* + 480x%y*+192x° y* + 324 x° y* + 24x'y.
ReZG3(G)(f(x,y)) =DiDy(Dx*+Dy)lx=y=1 = 1244.

Theorem 3.5. Let G be the graph of complex of Zinc(I1) then its fifth Zagreb index isMs(G) = 580.
Proof. The fifth Zagreb index of complex of Zinc (I1)

Ms(G) = ZquE(G) dy(dy +dy).

= 14%2 (2+2) + 16*3 (2+3)+4*4 (2+4)+6*2 (3+3)+2*3 (1+3).

= 580.

The M-polynomial

Let f(x,y) = M(G;x,y) = 14 X% Y + 16 xy*+ 4 X2 y* + 6x°y*+2x y°.

D,(f(x,y)) = 28 X* y* + 32x3y*+8 X2 y* + 18 X y* + 2x'y°.

Dy(f(x,y)) = 28 X* y* + 48x%y*+16 X° y* + 18 X° y* + 6x'y°.

(Dy+Dy) (f(x,Y)) = 56 X* y? + 80x°y*+24x% y* + 36 x® y* + 8x'y°.

D,(D,+Dy) (f(x,y)) = 112 x? y* + 240x’y*+96x° y* + 108 x® y* + 24x"y*.

Ms(G) =Dy(Ds+Dy)(f(x.Y) ly=y=1 = 580.

Theorem 3.6. Let G be the graph of complex of Zinc (1) then its SK index is
SK(G) = 102.

Proof. The number of edges are Eg; 1= 14,Eq23y= 16,E;2 4= 4,E3 5= 6,and Efy 53 = 2.

The SK index of complex };,,,¢ E(G )(_du:dv)

2+2 243 2+4 343 1+3

=142 1622 4 42 60 4 2

=102.

The M-polynomial of complex of Zinc (1)

Let f(x,y) = M(G;x,y) = 14 X% y* + 16 x2y*+ 4 X* y* + 6x°y*+2x* VP
De(f(x,y)) = 28 x* y* + 32x°y*+8 X2 y* + 18 x° y* + 2X1Y°.
Dy(f(x,y)) = 28 X* y* + 48x%y*+16 x* y* + 18 X* y* + 6x'y’.
(D+Dy)(f(x,y)) =56 x* y* + 80x°y*+24x° y* + 36 X* y° + 8x'Y’.

% (D+D(f(x,y)) =28 X* Y + 40x3y*+12x% y* + 18 X3 y* + 4 X'y,

= (DD () =y =1 = 102

Theorem 3.7. Let G be the graph of complex of Zinc (1) then its SK; index is
SK1(G ) = 122.

Proof. The SK; index of complex of Zn (1)

dy*d
Zuve E(G)( uz v)'

2%2 2%3 254 3%3 13

=14+ 16— +4—+6——+2 —.
=122,

The M-polynomial of complex of Zinc (I1)

Let f(x,y) = M(G:x,y) = 14 X* y* + 16 X3y*+ 4 X2 y* + 6x°y*+2x' v,
Dy(f(x,y)) = 28 x* Y + 32y +8 x* y* + 18 X3 y* + 2xy°.
Dy(f(x,y)) = 28 X* y* + 48x’y*+16 X° y* + 18 X° y* + 6x'y°.

(DyDy) (f(x,y)) = 56 X% y* + 96x°y°+32x% y* + 54x° y* + 6x'y°.
~(DD) (f(x.y) = 28X y* + 48Xy*+16X° ¥ + 275y + 3x'y’.

*Corresponding Author: N.K.RAUT 13 | Page
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SK1(G) =3 (D*D)(F(X.Y)) e=y=1 = 122
Theorem 3.8. Let G be the graph of complex of Zinc (1) then its SK; index is
SK,(G ) = 254.

Proof. The SK; index of complex X.,,ve (¢ )(@)2

).

242

=14(—
=254,
The M-polynomial for complex of Zinc (II)

Let f(x,y) = M(G;x,y) = 14 X% Y + 16 xy*+ 4 X2 y* + 6°y*+2x y°.
J(f(x,y))= 14 x* + 16 x*+ 4 x® + 6x°+2x".

D,2J (f(x,y)) = 14 *16x* + 16%25x°+ 4*36x° + 6*36x°+2*16x".

% D,2J (f(x,y)) = 14 *4x* + 4%25 x>+ 1*36 x® + 6*9x°+2*4x",

2+3
2

2+4
2

3+3
2

1+3
2

)? + 16( = ) +A( - )+6( = )+

SKo(G ) =5 D, (f(xY))h=y=1 = 14 *4 + 4%25 + 1%36 + 6*9+2%4 .

SKy(G ) =7 DI (F(X.Y))h=y=1 = 254 .

Topological index Derivation from M(G;x,y)

Atom bond connectivity index S Q2) DDy HM(G X W)= y=1

Fourth atom bond connectivity index S Q2d DDy H(M(G;X,Y)) k= y =1

Forgotten index (D +DA)(M(GX,Y))lx = y =1 and DX(F(G X)) =1
Redefined third Zagreb index DiDy(Dx+ DY(M(GX YD) |x=y=1

Fifth Zagreb index Dy(Dx+ Dy)(M(G;x,Y))lk=y=1

SK index Yo(Dx +DY) (MG X, Y) = y=1

SKi index ¥2DeDy) (M(G; X))l =1

SKjindex YD) (M(G;%,Y)) k=1

Table 1:Derivation of some degree based topological indices from M-polynomial.

(dy,dv) (22) | 23)| 24) B3 |13
No. of edges | 14 16 4 6 2

Table 2:Edge partition of Zinc (I1).

(4.6)
1

No. of edges | 5 7 7 2 4 4 2 4 2 4
Table 3:Edge partition of Zinc (1) based on degree sum of neighbors of end vertices of each edge.
(dy,dv) (22) | 23) | (24) | (38.3) | (1.3)
No. of edges | 8 20 4 6 4

Table 4:Edge partition of Manganese (11).

No.of edges 8 4 3 4 1 4

(Su.Sy) (35) | (55) | (56) | 5,7) | (36) | (6,9) | (7.9) | (7.7) | (7,28) | (5,9) | (4.5) | (6.6)
2 8 2 2 3

1

Table 5:Edge partition of Manganese (I1)based on degree sum of neighbors of end vertices of each edge.

(dy,dv) (23) | (22) | (24) | 33) | (1.3)
No. of edges | 20 8 4 6 4

Table 6:Edge partition of Cobalt (I1).

(Su.Sy) 35 | (55) | (56) | (66) | (7.28) | (7.7) | (5.7) | (45) | (7.9) | (6.9) | (3.6)
No. of edges | 2 6 8 2 4 4 4 4 4 2 2
*Corresponding Author: N.K.RAUT 14 | Page
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Table 7:Edge partition of Cobalt (11) based on degree sum of neighbors of end vertices of each edge.
(dy,dy) (23) | (22) | 24) | (33) | (13)
No. of edges | 20 8 4 6 4

Table 8:Edge partition of Copper (I1).

(Su,Sv) (3,5 | (55)| (5.6) | (6,6) | 57) | (7,9) | (6,9) | (3,6) | (4,5) | (7,7) | (7,28) | (6,7)

No. of edges | 2 6 10 2 2 2 4 2 4 2 4 2
Table 9:Edge partition of Copper (I1) based on degree sum of neighbors of end vertices of each edge.
Metal complex | ABC ABC,index | F ReZG; Msindex | SK SK; SK,

index index index index index

Zn(1l) 29.65 22.61 528 1244 580 102 122 254
Mn(ll) 29,88 22 552 1292 616 104 125 263
Co(ll) 29.88 22.25 552 1292 616 104 125 263
Cu(ll) 29.88 22.88 552 1292 616 104 125 263

Table 10:Topological indices of metal complexes of Zinc (1), Manganese (1), Cobalt (I1) and Copper (II) by
using degree.

Metal ABC ABC,index | F F ReZG; | Msindex | SK SK; SK,

complex index (M- (Fogotten index index | index | index
poly.) | poly.)

Zn(ll) 29.68 | 22.60 528 528 1244 580 102 122 254

Mn(l1) 29.88 | 21.95 552 552 1292 616 104 125 263

Co(ll) 29.88 | 22.33 552 552 1292 616 104 125 263

Cu(lh 29.88 | 22.46 552 552 1292 616 104 125 263

Table 11:Topological indices of metal complexes of Zinc (1), Manganese (I1), Cobalt (I1) and Copper (II) by
using M-polynomials.

O H ‘
| A

\
P
M
S H 2

(6]
H 2

\

/

O‘ ¢}
iy S
R o H O

Figure 2. Metal complex of Manganese (I1)with (E)-3-(furan-2-yl)-1-(2,6-dihydroxyphenyl)prop-2-en-1-one
R=H, M= Mn(ll).

oH CH =z oH CHs=z
| S | .
\ \

H20 /cc<”"OH2 HZO_/Ck<"/OH2
\ \

&K% &%
HO Ho

Figure 3. Metal complexes of cobalt (I1) and copper (I1) with chalcone of 5-methyl furaldehyde.

4. Conclusion

In this paper we have studied the atom bond connectivity index,fourth atom bond connectivity index,forgotten
index fifth Zagreb index,redefined third Zagreb index,SK index,SKjindexand SK, index for complexes of
Zinc(I1),Manganese(l1),Cobalt(I1) and Copper(ll) from M-polynomials.The forgotten index computed from M-

*Corresponding Author: N.K.RAUT 15 | Page
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polynomial and forgotten polynomial gives same results.The formula from M-polynomial in terms of
differential operators for ABC index can be used for ABC, index with suitable changes.The ABC index and
ABC, index for metal complexes of Zn(11),Mn(I1),Co(l1) and Cu(Il) has close values.
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