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ABSTRACT

The Szeged polynomial and edge Szeged polynomial aredistance-based
topological parameters which reflect certain structural features of or-
ganic molecules. Each structural feature of such organic moleculecan be
expressed as a graph. In this paper, we determine theSzeged polynomial
and edge Szeged polynomialof fan molecular graph, wheel molecular
graph, gear fan molecular graph, gear wheel molecular graph, and their r-
corona molecular graphs. © 2015 Trade Science Inc. - INDIA

INTRODUCTION

Wiener index, Pl index, Shultz index, Szeged in-
dex, Geometric-arithmetic indexand Zagreb
indicesare introduced to reflect certain structural
features of organic molecules. Severa papers con-
tributed to determine the distance-based index of
special molecular graphs (See Yan et al.,[*3, Gao et
al.,*4, Gao and Shi®, Gap and Wang¥, Xi and
Gao"®, Xi et a.,”, Gao et a.,['% for more detail).
The notation and terminology used but undefinedin
this paper can befound ini*Y,

Let e=uv be an edge of the molecular graph G.
The number of vertices of G whose distance to the
vertex uissmaller thanthedistanceto thevertex vis

denoted by n, (e) . Analogously, n,(€) isthenumber

of vertices of G whose distance to the vertexv is
smaller than thedistanceto thevertex u. The Szeged
index is closely related to the Wiener index and de-
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fined as
Sz(G)=z n,(e)n,(e)

Some conclusionfor Szeged index can refer tol'2
and™®. The Szeged polynomial is denoted as

SZ(G X) — z th(e)nv(e) .

Let e=uv be an edge of the molecular graph G.
The number of edges of G whose distance to the
vertex uissmaller than thedistanceto thevertex vis

denoted by m, (e) . Analogously, m,(€e) isthe num-
ber of edges of G whose distance to the vertexv is
smaller than the distance to the vertex u. Note that

edges equidistant to u and v are not counted. The
edge Szegedindex of G isdefined as

&e(G):an(e)nL(e)_

e=uv

The edge Szeged polynomial is denoted as
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&e(G X) _ Z eﬂh(e)rm(e) .

LetP_and C be path and cyclewith nvertices. Themolecular graph F ={v} v/ P iscalled afan molecu-
lar graph and the molecular graph W ={v} C.is called awheel molecular graph. Molecular graph | (G) is
called r- crown molecular graph of G which splicing r hang edges for every vertex in G. By adding one
vertex in every two adjacent vertices of the fan path P of fan molecular graph F , the resulting molecular
graph is asubdivision molecular graph called gear fan molecular graph, denote as . By adding one vertex
in every two adjacent vertices of the wheel cycle C of wheel molecular graph W, The resulting molecular

graph isa subdivision molecular graph, called gear wheel molecular graph, denoted as W .
In this paper, we present the Szeged polynomialand edge Szeged polynomialof,, and .

Szeged Polynomial
Theorem 1. S(1, (F,), X) =r(n+DX " + oxm00* 1 (n— 2) x4 002040 +(n -G

Proof. Let P =v,v,...v_and ther hanging verticesof vbe v\, v,..., v/ (1<i<n). Letvbeavertexin

F beside P_, and ther hanging verticesof vbe \*, \?, ..., v . Using the definition of Szeged polynomial,
we have

r n n-1 n r
n, (W)n; (W) n, (w)n, (w) (N, , (W)
(1, (F,), %) = 2 £ X T S I I
i1 i=1 i=1

i-1 j=1

n, (v )nvj ()

= px D + (2X<n—1)(r+1>2 +(n-2) X(H)(wl)z) + 020407 + (n— 3))(4(”1)2 + ) [
Corollary 1. Sz(F,,X) =2x™ +(n—2)x" 2+ 2x2+(n-3)X".
Theorem 2. Sz(1, (W), X) = qx(-20+D” + 54@0° + (n4+Drx D |
Proof. LetC =v,v,...vand v/, V..., V' bether hanging verticesof v(1<i<n). LetvbeavertexinW,

besideC ,and !, \?, ..., v' bether hanging verticesof v. Wedenote v v_, =V v,. Inview of the definition
n ging nn+l n*1
of Szegedpolynomial, weinfer
r ; i n n n r N (v
n, (w)n; (w) n (W, (W) VN, () My (V)N (4v)
SZ(h(Wn),X):ZX 3 SRR 'l X
i=1 i=1 i=1

i=1 j=1

= D) g (=204 A (A o e rn(rD)
Corollary 2. SZ(W,, X) = nx" 2+ nx?.
Theorem 3. Sz(1, (F,), X) = 2xA-0+0" +(3n — 4) 323D + pppyeen(re-1,
Proof. Let P =v,v,...v and V,;,, be the adding vertex between vand v,,. Let v/, Vv*,..., v/ bether

hanging verticesof v (1<i<n). Let VPV v

i+l Vil Y4l

bether hanging verticesof (1<i<n-1).Letvbea

vertex in F beside P , and ther hanging verticesof v be \*, 2, ..., v'.
By virtue ofthe definition of Szegedpolynomial, weyield

r n
- n,(Wn; (w') N, (wn, (W)
S (E)x) = DX + DX +

i=1 i=1 i-1 j= i=

ix"w ("i"ij)”v,i () N < 5 (% )Ny g (%Y 141)
1 1
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n-1 n-1r M N (v )
Z Xn\4M(Vi‘i+1Vi+1)nv,+1(Vi,i+1Vi+1) + zz Xn"v”l L Vil‘i+1 LY g
i=1 i1 j-1

:rXr+(r +1)(2n—1)+2x4(n—1)(r +1)2+(n _ 2) X3(2n—3)(r+1)2+an2n(r +1)—1+(n _ 1) X3(2n—3)(r+1)2+(n —l) X3(2n—3)(r+1) 2+(n _ l)rXZn(r +)-1

Corollary3. Sz(F,, X) = 24D +(3n— 4) 5323 |
Theorem 4. (I ; (Wn), X) = 3nx3(2n—2)(r+1)2 +(2n +1)rx(2n+l)(r+1)—l )

Proof. Let C =v,v,...v and vbeavertex in Wbeside C , andV, ., be the adding vertex between v.and

V., Let v, 2, ..., v'. bether hanging vertices of vand v, v?,..., v/ bether hanging vertices of

V2 1,... Vi, bethe r hanging vertices of (lin). Let v, ,.,=V,

nl?’
v..,=V, . Inview of the definition of Szegedpolynomial, we deduce

v(l<i<n). Let v, ., =Vv,, and V'

N+l i,i+11

r ! : n nr v (v n
- n(wWn; (w) (N, (W) M (0N, (4vi) ny (WY )Ty g (M)
PLOMLY = 22X e X D) DI S
i=1

i=1 i=1 j=1 i=1

n nooron MY ng (v )
N Z o () g (i) N Z - L T P
i=1 i=1 j=1

= rXr+2n(r+1) + nX3(2n—2)(r+1)2 + nrX(2n+1)(r+l)—1 + nx3(2n—2)(r+1)2 + I,1x3(2n—2)(r+1)2+ r",)((mel)(rﬂ)—l )

Corollary 4. S2(W,, X) = 332 .
Edge szeged polynomial

The notations for certain special molecular graphs can refer to Theorem 1- Theorem 4.

Theorem 5. Sz.(1, (F,),X) = N+ 2+ py@mm—r-a(r+d) 4 py(@nenr-20-a)r+2) 4 (n— 4)2r-2-90+2) 4
2X(r+l)(2r+3) + 2X(2r+2)(2r+3) + (n_5)x(2r+3)(2r+3) )

Proof. Let P =v,v,...v_and ther hanging verticesof vbe v', v?,..., V' (1<i<n). Letvbeavertexin

F besideP , andther hanging verticesof vbe \*, 2, ..., v . Using the definition ofedge Szeged polynomid,
we have

r n n-1 n r v m (v
(whm, (W) . v m, (v )m ; (vv')
&e(lr(Fn)yX):z x”\/W mi (w +ZXW(W|)”L,(W.)+zxm4(VV1)m4+l(VV1)+ ZX ;
i=1 i=1 =1 i-1 j-1
= rXZn+r+nr—2 + (ZX(2n+nr—r—4)(r+l) +2X(2n+nr—2r—4)(r+2) n (n_4)x(2n+nr—2r—5)(r+2)) +

(2X(r+1)(2r+3) + 2X(2r +2)(2r+3) + (n N 5) X(2r +3(2r +3)) + r]rx(2n+r+nr—2) .

Corollary 5. &,(F,, X) =252 125229 1 (n—4)x** 2+ 23 + 2x° +(n-5)x°.
Theorem 6. Sz,(1, (W, ), X) =r(n+1)x2™" "4+ qy(+D(20401-20-8) )y (2r+3)(2r+3)

Proof. LetC =v,v,...vand v/, v*,..., V' bether hanging verticesof v(1<i<n). LetvbeavertexinW,

besideC ,and \!, 2, ..., v bether hanging vertices of v. Weddenote v, v, ,, =V, v, . Inview of the definition
of edge Szeged polynomial, weinfer
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m .(w) er(W)m,(W) Xw(vw+1)n11+1(vw+1)+ by o (v )m (y)
(1, (W), x) =

i=1 j=1

= r(n_‘_:DXZn+r+nr—l.|. X+ D@NE-205) 4 o (2143)(2r43) [

Corollary 6. Sz,(W,, X) = nx2@15) +ny® .

Thmrern 7 Sze(l . (Ifn)’ X) - 2X(2r+1)(2nr+3n—2r—5) + (3n _ 4) X(3r+2)(2nr+3n—3r—7) + 2an3n+2nr—3 .

Proof. Let P =v,v,...v and V,;,, be the adding vertex between vand v_,. Let v, , V. bether
hanging verticesof vi (1<i<n).Let i, V..1,..., Vi, bether hanging verticesof (1<i<n-1).Letvbea
vertex in F beside P, and ther hanging verticesof vbe \*, v, ..., v .

By virtue ofthe definition of edge Szeged polynomial, weyield

r n n r v ym (v n-1
. m, (wHm; (W) (w)m, (w) my (v m,; (i) My (W1, L (% 50)
(1, (F)x) = XX XTI D0 X + DX |
i=1 i=1 i=1 j=1 i=1
n-1 v v n-1 r ||+1(V"+1V|I|+1)m\,i (V||+1V”+1)
z X”\qli+1(\/|,|+1V|+1)n11|+1(vl,|+lvl+1) + ZX i+l

i=1 i=1 j=1
= rX?»n+2nr—3+ (2X(2r+l)(2nr+3n—2r—5) + (n _ 2) X(3r+2)(2nr+3n—3r—7)) + nrx3n+2nr—3+ (n _1) X(3r+2)(2nr—3r+3n—7) ++,
Corollary7. Sz,(F,,x) =2x°"® + (3n— 4)x2C* 7,
Theorem 8. &e(l ] (an)’ X) = 3nx(3r+2)(@nr+3n-2r-5) (2n +1)rX2nr+3n+r—1 )

Proof. Let C =v,v,...v and v be avertex in W beside C , andV, ;, ?be the adding vertex between v.and

V,,. Let \t, 2, ..., v bether hanging vertices of vand v', V?,..., v/ be the r hanging vertices of

V(l<i<n). Let v, =V, and Vi;,;, Vq,..., Vi, bether hanging verticesof (1<i<n).Let v, =V,

n n+l nl?

Vv...=V,. Inview of the definition of edge Szeged polynomial, we deduce

Lomv)m; (v

! Ym . (W n n i L (MY n (MM
&e(lrW])1X) - - ZXW(W)mV.(W) + me(w)w(w) + Z X ; + Zxﬂb,(\/.\/...ﬂ)m,,,,ﬁ(vw 1)

i=1 i=1 i=1 j=1 -1

n

+ z X Hl(vl |+1V|+1)n11|+1 (4 |+1V|+1) + z

)

i+l i+l

X J+L

, il (VI |+1V )mv_i_ (VI |+1v

“‘M*

= rX2nr+3n+r—1.+. nX(3r+2)(2nr+3n—2r—5) + nrX2nr+3n+r—1+ nX(3r+2)(2nr+3n—2r—5) + rlX(Sr +2)(2mr +3n-2r-5) 4 nrXan+ 3n+r-1

Corollary 8. Sz, (W,,X) =3nx2e"9 .
CONCLUSION

In this paper, we present the Szeged polynomialand edgeSzeged polynomial of fan molecular graph,
wheel molecular graph, gear fan molecular graph, gear wheel molecular graph, and their r-coronamol ecu-
lar graphs. The results obtained in our paper illustrate the promising application prospects for chemistry
and pharmacy science.
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