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Szeged Index of HACCC [k, p] Nanotube
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Abstract: A C,C,C, net 1s a trivalent decoration made by alternating C;, C; and C,. It can cover either a eylinder
or a torus. In this study we compute the Szeged index of HAC.C,C.[k, p] nanotube.
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INTRODUCTION

A graph G consists of a set of vertices V() and a set
of edges E(G). In chemical graphs, each vertex represented
an atom of the molecule and covalent bonds between
atoms are represented by edges between the
corresponding vertices. This shape derived form a
chemical compound 1s often called its molecular graph and
can be a path, a tree or in general a graph.

A topological index is a single number, derived
following a certain rule, which can be used to characterize
the molecule (Khadikar and Karmakar, 2002). Usage of
topological indices in biology and chemistry began in
1947 when chemist Harold Wiener (Wiener, 1947)
introduced Wiener index to demonstrate correlations
between physico-chemical properties of organic
compounds and the index of thewr molecular graphs.
Wiener originally defined his index (W) on trees and
studied its use for cormelation of physico chemical
properties and their
analogous compounds. A number of successful QSAR

of alkenes, alcohols, amines
studies have been made based in the Wiener index and its
decomposition forms (Agrawal et al., 2000).

In a series of papers, the Wiener index of some
nanotubes is computed (Deng, 2007; Diudea et al., 2004;
Randic, 2002; Stefu and Diudea, 2004; Yousefi and
Ashrafi, 2006). Another topological index was introduced
by Gutman and called the Szeged mndex, abbreviated as Sz
(Gutman, 1994).

Let e be an edge of a graph G connecting the
vertices u and v. Define two sets N,(e|G) and N,(e/G3)
as N(e]G) = {xeV(G)dux)<d(v,x)} and N,(e|G) =
{xeV(@)|d(x,v)<d(x,u)}. The number of elements of N,(e|G3)
and N,(e|G) are denoted by ny(e|G) and ny(e/G),
respectively. The Szeged index of the graph G is defined
as Sz((G) = Sz = B o (e|Gn,(e|G). The Szeged index is a
modification of Wiener index to cyclic molecules. The

Szeged index was conceived by Gutman at the Attila
jozsef Uhniversity in Szeged. This index received
considerable attention. Tt has attractive mathematical
characteristics. In (Iranmanesh and Khormali, 2007a;
Iranmanesh ef af., 2007) Szeged index and 1 (Ashrafi and
Loghman, 2006, Deng, 2007, Iranmanesh and Ashrafl,
2007 ; Iranmanesh and Khormali, 2007b; Iranmanesh and
Pakravesh, 2007, Iranmanesh and Solemam, 2007),
another topological mdex of some nanotubes is
computed. Tn this study, we computed the Szeged index
of HAC,C,C [k, p] nanotube. In Fig. 1, an HAC.C,C [2, 2]
lattice is shown.

We denote the number of pentagons in one row by
P, the number of the periods by k and each period consist
of three rows as in Fig. 2, which shows the m-th period,
lzmzk.

Fig. 1. HAC,C,C[2, 2] nanotube, p=2, k=2
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Fig. 2: m-th period of HAC.C,C [k, p]
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THE SZEGED INDEX OF HAC.C,C.[k, p] NANOTUBE

Let e be an edge mn Fig. 1. Denote:

E, = {e € B(G)| e is a vertical edge between

hexagon and pentagon}

E, = {e € E(G)| e 13 an oblique edge between

pentagon and hexagon}

E, = {e € E(G)| e is an oblique edge between

heptagon and hexagon}

E, = {e € E(G)| e 13 an oblique edge between

heptagon and hexagon adjacent with pentagon}

E, = {e € E(G)| e 13 an oblique edge between

two heptagons}

E, = {e € E(G)| e 13 a horizontal edge}
E; = {e c E(G)| e is a vertical edge between two hexagons}
E; = {e € E(G)| e is an oblique edge between

two hexagons}.

And the number of vertices in each period of this

nanotube is equal to 16p. In the hole of paper, the

notation [f]

15 the greatest integer function For

computing the Szeged mdex, we must discus i two cases:

Case 1: pis even.

Lete = uv be an edge denoted in Fig. 3.

If e € E, then according to Fig. 3, the region R has
vertices belong to N,(e|3) and the region of R™ has
vertices belong to N,(e|3) (The notations n,(e|3) and
m,(e|3) are indicated with nfu) and nJv),
respectively). Then

ne(v):lﬁp(k—m)—i-gp—M.

Tn this study for simplicity we define:

AU)—{E%gi}mwlxp—{3ﬁ;j}

Where:
j=0,41,+2,.. alsoc_{k_m}, D_{w} and

)

2

If me<A(-A)1+1

ne(u):8pm—%p+l6m2—19m+11.
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Fig. 3. e = uv belong to E,

If m>A(-4)+1, then n (u)=p(16m—-11)+25+(7+

%p) x A~ + 5(A—H)Y +(12— %p) x A(—)+ 5(A-D)Y +16x

B{—10)+ 6(B(-10)Y.

b)

If e £ E,, then according to Fig. 4, the region R has
the vertices that belongs to N (e|G) and the region of
R’ has vertices belong to N,(e|G). Then

Ifm<A(-2)+1 and k-m<p, then
n,(v)=kEp+5)+m(l8-16m)-9+
(16(k—m)—-10)x C—16x C°.

If m>A(-2)+] and k-m<p, then

ng(v):<8p+5)a<fm>+§p716+(§p76)><

A(-2) - 5(AC-2DY + (%p —1)=x A(-12)-

S(A(-12)) + (3p— 14y B(-8) - 6(B{-8) +
(16(k —m)—10)x C—16C".
If m<A(-2)+1 and k-m>p, then

n, (v)=8p(2k—m 7%p) —16m*+23m-9.
Ifm<A(-2)+] and k-m>p, then

n (v)=16pk —m)- 4p’ + %p—16+ (gp— 6%
A2 - S(AC-2N + (gp —1)xA(=12)-
S(A(-2)) + (3p —14)x B(-8) - 6(B(-8))".

And for n,(u) we have:

If m<p, then

n,(u}=4p(2m—1}+9m -3+ (16m - 22)« E - 16E°.
If m>p, then n_(u)= 4p(2m+p —-1)— Zm + 3.
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Fig. 4: ¢ = uv belong to E,

c)

If e £ E,, then according to Fig. 5, the region R has
the vertices that belongs to N;(e|G) and the region of

R’ has vertices belong to N,(e|G).

InFig. 5, 6 and 10 the symbol ¢ means that, the vertex
that assigned with this symbol, have the same distance

from u and v. Then

If m<p and k-m<p, then
n,(v)=8pk+3k-16m+ 9+ (16(k—m)—-6)x
C—16C" +(26-16m) < E + 16E*.

If m>p and k-m<p, then
n,(v)=(8p+3)k-m)+4p’ 1+

{16k —m)— 6y C —16C*

If m<p and k-m>p, then
rlg(v)=8p(2k7m)74p2 +9-13m+

(26— 16m)x E+16E*.

If m>p and k-m>p, then
n (v)=16pk —m)-1.

And for n (1) we have:

If m<pand k-m<p, then

n (u)=8pk -6k +18m 11+ (6 - 16(k —m))x
C+16C* — 4D+ (16m —30)x E—16E".

If m>p and k-m <p, then
n,(u)=8pk + m)+6(m—k)— 4p’ - 3p+3+
(6—16(k —m))x C— 4D+ 160,

If m<p and k-m>p, then

n,(u)=8pm+ 4p* —5p—11+12m+

{16m —30)x E—16E*.

If m>p and k-m>p, then

n (u)=16pm—8p+ 3.

Fig. 6: e = uv belong to

d)
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If e € E,, then according to Fig. 6, the region R has
the vertices that belongs to N,(e|G) and the region of

R’ has vertices that belongs to N,(e|G). Then:

Ifm<A(-104+1 and k-m <p, then

n, (v)=8k(p+1)-16m’ + m—1+

(16(k —m)— 6)x C—16C,

Ifm<A(-10)+1 and k-m>p, then
n,(v)=8p(2k —m) — 4p* + 5p+9m—16m* + 7.
If m>A(-100+1 and k-m<p, then
n,(v)=(8p+8)k-m)+8p -8+ (16(k —m)—6)x

C—16C7 + (%p— 1% A{=10)— 5(A(-10)F + (gp—S)

xA(0)— S(A(0))" + (3p— T)= B(-1) - 6(B(-1))".
If m=>A(-10)+1 and k-m=>p, then

n,(v)=16pk —m)+5p—4p° + (gpf 1DA(-10)—
SACI0) +Cp- 5% AQ)- SAO) +

(3p-7)x B(-=1)~ 6(B(-1))".
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For n,(u) we have:

Ifk-m <A(0) and m<p, then

n_(uw)=8k(p+4m - 2k)—16m’ + 14m — 6k —
7+ (16m-22)xE —16E%.

If m<p and k-m>A(0), then

n (u)=8pm+8m - 7+ (16m - 22)x E —16E° +
(2 px A0~ (A0 + (p=5)x AO)-

S(A0)® +(3p—1)x B(3) - 6(B(5))".

If m>p and k-m < A(0), then
n,{u)=8p(k +m)-4p’ —3p+6(m—k)-
16(m” + k*y+32km— 7.

If m>p and k-m>A(0), then

n (u)=16pm-3p— 4p2 71+(%p)><

AQ10) - 5(A(10)° + (%p - 5)<A(0)-

S5(A(0)) +(3p— 1)x B(5) - 6(B(5))".

If e € E;, then according to Fig. 7, the region R has
the vertices that belongs to N (e|G) and the region
of R’ has vertices that belongs to Ny(e|G). Then:
n(v) = 16p(k-m)-1

And for n,(u) we have:

If m<A(4), then

n (u)=m{8p+16m- 2).

If m=A(4), then

n, (W) =24pm —11p+ 6+ (3—5p) < A(4) + S(A(4)" +

(7—11p) < A(=4) + S(A—4)* + 10 B(—4) + 6(B(-4))’.

If e € E,, then according to Fig. 8, the region R has
the vertices that belongs to N, (e|G) and the region of
R’ has vertices that belongs to N,(e|G). Then:

If m<pand k-m<p, then

n (v)=8pk—-5k -8m+ 9+ (10+16(m—-k))x
C+16C + (26 - 16m)% E + 16E7.

If m>p and k-m<p, then
n,(v)=(8p-5ik-m)+4p* -1+

(10 +16(m — k) x C + 1602

If m<p and k-m>p, then

n (v)=8pm+4p’ +9-13m+ (26 - 16m)x E+ 16E°.
If m>p and k-m>p, then

n(v)=8p° 1. And n_(u)=n(v).
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Fig. 9: ¢ = uv belong to E,
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If e £ E,, then according to Fig. 9, the region R has
the vertices that belongs to N,(e|G) and the region of
R’ has vertices that belongs to N,(e|G). Then:
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Fig. 10: e = uv belong to E,

h)

If p<3, then

n (v)=16pk —m)+5p—1.
Andif p=3, then
n_(v)=16pk-m)+11p-20.

Forn(u) we have:

If m<A(-8)+1, then

n,(1)=32m’* - 28m +10.

If m=A(-8)+1, then

n,(u)=16p(m— 1)+ (18 - 5p)x A(-8) + 10{A(-8)" +
(7 - 11p) < A(4) + 10(A(D)Y + 11x B(1) + 12(B(1}).

If e £ E,, then according to Fig. 10, the region R has
the vertices that belongs to N (e|/G) and the region of
R’ has vertices that belongs to N,(e|G). Then:

Forn,(v) we have:

If m<pand k-m<p, then

n (v)=8pk+6k—-18m+ 11+ (16(k — m)—6)x
C—16C" + (26— 16m) < E+ 16E*.

If m>p and k-m<p, then
n,(v)=@p+6)k—m)+4p’ +p+1+

(16(k —m)—6)x C—16C".

If m<p and k-m>p, then

n, (v)=8p(2k—m)—4p*+3p+11-12m+
(26 - 16m)x E + 16E°.

If m>p and k-m>p, then
n (vy=16pk-m)+ 4p+1.

And for n (u) we have:

s Ifm>pand k-m<p, then
n,(u)=8pk — 6k +18m —13+ (4 —-16{k —m)) x
C+16C7 —6D+ (16m—32)<E —16E%.

» Ifm>pand k-m<p, then
n,(u)=8p(k +m)—4p* —4p+3+6(m—k)+
(4-16(k —m))y=x C+16C* - 6D.

o Ifm<pand k-m>p, then
n,(u)=8pm+ 4p* - 7p—13+12m+
(16m—32)x E—16E°.

»  Ifm>pand k-m>p, then
n (u)=16pm-1lp+ 3.

For sumplicity we define

In sub case a:

a, :16p(k—m)+%p—l4.
11 3
a, :8pm—7p+16m —19m+11.

5
a, =p(lém-11)+ 25+(7+Ep)>< Al-4H+

S5(A4) + (12— %p)x A(-14+ 5(A(-14)° +

16x B(—=10)+ 6(B(—10)).

In sub case b:

b, = (gp— 6)x A(-2)— S(A(-2))’ + (%p—n)x

A(-12) = S(A12))F + (Bp - 14) < B(-8)— 6(B(-8))".
b} = (16(k — m) —10)x C —16C*.

b, =kBp+5)+ m(18-16m)— 9+ by.

b, :(8p+5)(k—m)+%p—l6+bu+b'u.
b, :8p(2k—m—%p)—l6m2+23m—9.

b, :16p(k—m)—4p2+§p—16+bu.

b, = 4p(2m — 1)+ 9m— 3+ (16m — 22)x E— 16E’.

b, =4p(Cm+p—-1)—2m+3.
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In sub case c:

¢, = (16(k-m)-6)%C-16C.

¢ = (26—16m)x E + 16E%,

¢, =8pk +3k-16m+9+c¢, +cj.

c, = (8p+3xk-m)+4p’ - l+c,.

c, =8p(2Zk—m)—4p* +9—13m +c|.
¢, =l6p(k—m)-1.

c,=8pk-6k+18m—-11-¢, - 4D+

In sub case e:

e, =(3=5p) % A(4)+5(AM)) +(7—11p) x
A4+ S(A(=4)) +10 % B(—4) + 6(B(—4))".

e, =16p(k—m)-1.

e, = m(8p +16m - 2).

e, =2dpm-—-1lp+6+e,.
In sub case f:

£ =(10+16(m-k)xC+16C7.

2
(16m —30) < E ~16E". f =8pk—Sk—8m+9+f, +c,

¢; = 8p(k +m)+6(m — k)~ 4p’ ~3p+3 ¢, —4D. f, = (8p— 5)(k—m)+4p* —1+f,.

¢, =8pm+ 4p’ - 5p—11+12m+ (16m - 30)x E - 16E°. £, =8pm + 4p? + 9 13m +¢).

¢, =lépm—8p+ 3. £, =8p’ 1.

In sub case d: In sub case g:

g, = (18=5p) x A(-8) +10(A(-8))" + (7—11p)x

d, = (ip— 1% A{-10)— S(A-10)Y + (zp—S)x
2 2 A(4)H1OCA(4Y)? +11x B+ 12(BA)Y.

A(0) - S(AL0)) + (3p - i B(-1) - 6(B(-1))".

g, =léplk—m)+11p—20.

d, = Cp)x AQO) - S0+ p-5)x
2 z gl =16p(k—m)+5p—1

A(0)— 5(A(0)Y + (3p— 1) B(5)— 6(B(5))".

g, =32m* - 28m+ 10.
d, =8k(p+1)—16m’ + m—1+c,.

g, =16p(m-1)+g,.
d, =8p{2k —m)—4p’ + 5p+9m - 16m’* + 7.

In sub case h:

d, =@p+8)k-—m)+8p—8+c,+d,.

hu =(4-16{k —m))x C+16C? —6D.
d, =16p(k—m)+5p—4p*> +d,.

h,, = (16m — 32)x E— 16E%.
d, =8k(p+ 4m - 2k) - 16m” + 14m —

6k — 7 +(16m —22)x E—16E®. h, =8plk+ 6k —18m+11+c¢, +¢j.

_ 2
d, =8pm+8m 7+ (16m -~ 22)x E 16E* +d.. h, = @p+6)k—m)+dp” +p+l+o,

— _ _ 2 o f
d, =8p(k +m)—4p* —3p+6(m — k) - h, =8p(Zk —m)—4p* +3p+11-12m+c;.

16(m’ + k*)+ 32km - 7. h, =16p(k — m)+ 4p+1.

d, =16pm -3p— 4p’ - 1+ dj. h, =8pk —6k+18m—13+h, + h].
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h, =8plk+m)-4p> —dp+3+6(m-k)+h,.
h,=8pm+4p’ - 7p—-13+12m+h.
h, =l6pm—11p+3.

Case 2: p1s odd.

a) IfeeE, then n,(v)=16pk —m)+%p—%.

Ifm<A-4r1,then 5 () = 8pm —%p+ 16m* - 19m + 22—3

If m=A(-4)+1, then
17 15 5

n, (1) = p(8m 1—21) B (- S PIX ACS) - SACS)

+(%, %p)x ALS)+ SCACS) + 4% B(2) 1 6(B(2))?

b) IfecE, then

o Tfm>A(-3)+1 and k-m<p, then
n (v)=kBp+ 5 +m(l8-16m)-9+
(16(k —m)—10)x C —16C°.

o Tfm>A(-3)+1 and k-m<p, then

n(v)=(8p+5)k-m)+8p-2+ (%pf ?)XA(73)7

SCAC-3)) + (gp - %)x A(9)— STA(9)) +(3p - 2)

B(4)— 6(B({4) +(16(k —m)—10)x C-16C°.
¢ Tfm<A(-23 and k-m>p, then

n,(v)=8p(2k-m-p+1)—16m’ + 23m—12.
o Ifm>A(-2)+1 and k-m>p, then

n,(v)=16p(k - m)—4p’ +8p—1+ (%pf ?)x
ACH-SACI + Cp- )% AO)-
S(A(9)' + (3p - 2)% B(4) - 6(B(4))".

And for n (1) we have:

+ Ifmcp, then
n_(u)=4p(Zm- 1)+ 11lm -4+ (16m - 22)x E - 16E°.
¢ Ifm>p, then n_(u)=4p(Zm+p-1)+3.

¢) IfecE, then

¢ Ifm<pandk-m<p, then
n (v)=38pk+3k -16m+ 9+ (16(k —m) - 6)x

C—16C% +(26—-16m)x E+16E*.

o Ifm>Apand k-m<p, then
n,(v)=(8p+3)k—m)+4p° 1+
(16(k —m) — 6)x C— 1607
o Ifm<pand k-m>p, then
n,(v)=8p(2Zk —m) - 4p® +2-13m +
(26 —16m)x E + 16E%.
o Ifm>pand k-m>p, then n_(v)=16plc—m)-1.

And for n,(u) we have:

¢+ Ifm<pandk-m<p, then
n, (1) =8pk—-3k+16m—11+(6—-16(k —m))x
C+160° — 4D+ (16m —30)x E—16E*.

*» Ifm>pand k-m<p, then
n,(u)=8plk+m)+3(m-k)- 4p* -
2p+1+(6-16(k —m)) x C— 4D+ 16C~.

»  Ifme<pand k-m>p, then
n, (u)=8pm~+ 4p* - 3p-5+13m+
(16m —303xE —16E*.

»  Ifm>pand k-m>p, then n(u) = 16pm-5p

d) IfeecE, then

Ifm<A(-11)+1 and k-m <p, then
n, (vi=8k(p+1)-16m’ + 2m—1+
(16{k —m)—6)x C —16C°.
»  Ifmepand k-m>A(-1), then
n,(v)=8p(2k — m)— 4p* + 5p + 10m — 16m* + 6.
o TIfm>A(-11)+] and k-m<p, then
n (v)={8p+8)k—-m)+8p—-7+(16(k —m)

S VR
~6)xC=16C"+ (Jp-")x A-1D
5<A<—11>>2+(%p—%)xA(l)—S(A(l))z+

(B3p— 7)< B(-1—~6(B(-1))".
o Tfm>A(-11 )] and k-m>p, then

n, (v)=8plk—m)+13p— 4p2 78+(§p7 %)x
AC11) - S(ACTT) + (%p - g)x A (A

+{3p— < B{-1)— 6{B(-1))".

Forn(u) we have:

o TIfk-m<A(-1) and m=p, then
n, () =8k(p+4m - 2k)—16m’ +
14m— 6k — 7+ (16m —22)x E— 16E’.
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If m<p and k-m>A(-1), then

n (u)=8pm+8m- 7+ (16m—22)x E-16E’ +
G- ACD-SACDY = Cp+ )
A~ S(AQDY + (3p—1)x B(5) — 6(B(5)Y.
If m>p and k-m < A(-1), then

n (uW)=8p(k + m)—4p’ —3p+
6(m—-k)—16(m* + k¥ )+ 32km.

If m>p and k-m>A(-1), then

2 5 11
n,(u)=16pm-3p—4p° - 1+(EP_?)X
ACD-SACDF +Cp+ )< AID-

SALY + Bp-DxB(5) - 6(B(5)).

h) TIfeeE,, then

Forn(v) we have:

¢+ Ifm<pandk-m<p, then
n, (v)=8pk+35k-15m+ 9+ (16(k —m)— 4)x
C—16C" +(26-16m)x E + 16E".

*» Ifm>pand k-m<p, then
n,(v)=(8p+35)k—m)+4p’ +3p+1+
(16(k —m)— 4)« C 167

o Ifm<pand k-m>p, then
n,(v)=8p(Zk-m)-4p* +3p+
8-10m + (26— 16m) = E + 16E*.

»  Ifm>pand k-m>p, then
n (v)=1épk —m)+6ép—1.

And for n,(u) we have:

Ife € E., thenn,(v) = 16p(k-m). And for n(u) we have:

If m<A(5), then n_ (u)=m(8p+16m—2).
If m=A(5), then
n (u)=24dpm—1lp+6+(3-5p)x A(5)+

S(ACS + (7 —11p) = A(=3)+ 5(A(=5)* +
10 % B(—4) + 6(B(—4)).

If e € E,, then

If m<p and k-m<p, then

n (v)=8pk -5k -8m+9+ (10+16(m -k =
C+16C" + (26 -16m)x E+ 16E°.

If m>p and k-m<p, then

n,{(v)= (8 —5)k-m)+4p’ +

(10 +16(m —k))x C+ 1607

If m<p and k-m>p, then

n_(v)=8pm + 4p’ +8p —13m+

(26 —16m)x E + 16E°.

If m*>p and k-m>p, then n,v) = 8p>-1.

n(u) = n(v).
If e € E,, thenn,(v) = 16p(k-m)+11p-20.
For n(u) we have:

If m<A(-7)+1, then

n_(u)=32m’ - 28m + 10.

If m>A(-7)+1, then

n (w)y=16p(m-1)+14+(18-5p) < A(-7)+
10(A(-T)Y + (7 —11p3x A(5) + 10(A(S)HY +
11 B+ 12(B)Y.

¢+ Ifm<pandk-m<p, then
n,(u)=8pk - 5k+13m 11+ (4 -16(k — m))x
C+16C% — 4D+ (16m - 30y E - 16E%.

s Ifm>pand k-m<p, then
n,(u)=8plk+m)—4p’ - 7p-1+5(m-k) +
(4-16(k —m)) x C+16C* —4D.

»  Ifme<pand k-m>p, then
n, () =8pm+4p* —5p—-12+
8m + (16m — 30) % E — 16E°.

»  Ifm>pand k-m>p, then n(u) = 16pm-12p-1

For sumplicity we define:
In sub case a:

a; :16p(k7m)+%p7?.

. 11 2 23
And a, =8pm 2p+16m 19m+2.

11, 17 15
al, = p8m— —)+ —+(—
5 =Pl 2) 5 {

5
5 P ACSE

SCACS) 1 (g - 1—21p>>< AGS)+ SAG)) +

4% B(2)+ 6(B2)Y

In sub case b:

S Ay SeAa = (p— Ly
b= (SP= )X AR = SAE) + (5P )

A9)—5(A(9)) + (B3p—2)xB(4)~ 6(B(4))".
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bl =k{8p+5)+m{18 -16m)— 9+ b d, =8pm+8m—7+(16m-22)xE—16E* +4d.

b, =(@p+5)k—m)+8p—2+ b + b, d' = 8p(k + m)— 4p* — 3p + 6(m— k) -

2 2
b, = 8p(2k —m— p+1)—16m* + 23m — 12. 16(m” + k) + 32km.
b, =16pk—m) - 4p’ +8p—1+1by. d, =16pm —3p— 4p> —1+dJ.
bl =4p(2Zm -1)+ 11m— 4+ (16m— 22) % E-16E’. In sub case e:
b; = 4p(2m+p-1)+3. e =16p(k — m).

In sub case c: e, = m(8p +16m — 2).

¢, =8pk+3k—16m+9+¢ + . e, = 24pm —11p + 6+ (3- 5p)x A(5)+ 5(A(5)) +

¢, = (8p+ 3)k—m)+ dp’ — 14 G, (7—11p)x A(=5)+ S(A(=5))" +10x B(~4) + 6(B(—4))".
¢, =8p(Zk —m)—4p* + 2—13m + . In sub case f:
¢, =16pll—m)—1. f =8k -5k -8m+9+f, +c.

¢, =8pk-3k+16m—-11-¢, - 4D+

f2r =(8p-5)k-m)+ 4p2 + 1.
(16m —30)x E — 16E°.

i
0-

fi =8pm+4p* +8p—13m+c
o, =8pk + m)+3(m-k)-4p’ - 2p+1-¢, - 4D.

f;=8p° -1.
o, =8pm+4p’ - 3p-5+13m+ (16m—30) < E—16E*.

In sub case g:

¢, =16pm — 5p.

g =16pk —m)+11p—20.

In sub case d:

g, =32m’ - 28m + 10.
, 5 21 , 5 9
G =GP ACIDACI - G g, =16p(m—1)+14+ (18— 5p)x A(-7)+

A= S(AY +(Bp—7)x B(-1) - 6(B(-1))". 10(A(=7)) + (7 - 11p) x A(5)+ 10(A(5)) +
11x B() + 12(B()Y.
511 501
dy = (EP - E)X ACD - SACT) + (EP + E)X

In sub case h:
AD - SAQDY + (3p — 1< B(S) - 6(B(5)Y.

, , hY ={16¢k —m) — 4) < C - 16C°.
d; =8k(p+1)-16m" +2m—-1+¢,.

, ] ) h" = (16m —30)» E —16E%,
d, =8p(2k —m) - 4p° + 5p+10m—16m" + 6.

. . hi =8pk+ 5k—15m+ 9+ h] + ¢,
d, =@p+8)k-m)+8p—-T+c, +d;.

b, =(8p+5)(k —m)+ 4p* +3p+1+h).
d, = 8p(k — m) + 13p— 4p* — 8+ d, ;= (8p+5)k—m) + 4p* +3p+ 1+ hy

h, =8p(2k —m) - 4p’ +3p+8-10m +c|.

d, =8kip + 4m — 2k) - 16m” + 14m -
6k —7+(16m—-22)x E—16E*. h, =16p{k—m)+ 6p-1.
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h! =8pk—5k+13m—-11+h, +h. A0 k
o . R IONCTAN N CEN
m=1 m=A(5)+1

h} =8pk+m)-4p’ —7p-1+5(m—k)+h,.

L L L . 2 L
h!, = 8pm + 4p* — 5p— 12+ 8m + b, S, = 4p(blbl +cci )+ Zpthth: + 77 +g.g)).

h, =16pm—12p-1. S, = 4p(byb; + e + didi) + 2p{hy + flr2 +gg,).

Sl =4 blbl L) drdr 2 hlhl frz )
S, = 4p(aa, +bb, +oc, +d,d )+ 2pl +g.g,) s = 4p(bsb; + 0,6 + dyd )+ Zpchshy +1,7)

S, = 4pbibl + ¢l + did)+ 2plhihl + £,

Al4) k-1

S, =2 ee. )+ ee ).
SRR AP S~ Ap, + el &)
p Al-T)+1 k
8; = 4plbb; +¢,¢;) + 2p(hih, + £, +g,2,). S,=2pf Y (gg)+ Y (gghh
m=1 m=A4(-T)+2

S, =4plb;b, +¢0. +dds) + 2pihyh, + f12 + 8185)

8, = dpeic, + 2plhihl + £
S, = 4p(b.b, + o,0, +d,d, )+ 2p(huh, + £7). ’ o v

S, = 4pcic, + 2pthih), + 1,4,
S, = 4p(b,b,; +¢,¢, +dyd,) + 2pth,h, + fzz).

8, = 4peic] + 2p(hthy + %),
S, =4p(b,b, +c,c, +d,d,).

S|, = 4pc,c, + 2p(hlh; + £,7).

A-8)+1 I
3, =2pi Z (gg, )+ Z (g} kop-1 (D1
oA S,=4pt Y @d)e T @)+
m=A{-1)+2 m=1
k- A(-1)-1 K
8y = dpc,e; + 2pth;h, + faz)- (ddy+ (d.d
m:ZpH ’ m:kuA(fl) >
Sy, = 4pe,c, + 2pthh, +£,7).
p A1)+l
8,, = 4pe,c, + Zp(h,h, + flz). 5, = 4p{m=AZ(_:1)+2(b2bs)+ m;p (dydy + bibs) +
s k- A(-1)-1 p
8y; = 4pe,c, + Zplh,h, + £,7) Z (d.dyy+ Z {didi.
m=A-1)+2 m=k-4(-1)
k-p-1 A-2)+1
8, =4pd Z (d,d,)+ Z (d,d;)+ KAl .
i S.=apl Y (@) Y (@
k-a(-2)-1 k me Al 142 mokA(-1)
> o(dd)+ > (didi
m=p+1 m=k-A(-2)
’ In the following formula:
i A%H B k-p-1 b3
S, =4pi (b,b)+ (dd, +bb.)+ _ - 5
1 =2 . P 87 = ZIS9 + 2 1812 + Zk: (S, - 2pf, 50+
k-a(-2)-1 ® . e R e
(d.d+ (d.d.)}.
m:ﬁ;fzj-t-Z e m:kuA(fzj 35 Zk (4pd3dﬁ + 2pf22) + SZ + SIE + SE
m=lk-p
S, = 4p{kﬁ§2)71 (dyd)+ zk: (d.d, )} if we substitute g} to g, then we obtain the Szeged index
m=h(-2)+2 m=k-A(-2) of HAC,C,C[k, p] nanotube for p = 2 and k>4. Tn fact,

Sz = 2048k™ + 45080k’ - 46136k - 57776.
The Szeged mdex of HAC,C,C [k, p] nanotube for
pz3is given as follows:

P

S = 4plaia), + bib; + cic; + did)+ 2p(f” + gigh).
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a) piseven

If k<A(4), then
k k-1
SZ=3'8+> 2pee,.
m=1 m=1
If A()<k<A(-2)+1, then
k
SZ=31(8)+5,.
m=1

If A(-2)1+1 <k <2(A(-2)+1), then

A2+l
sz= 3 8+ Z
m=1 m=A(-2)+2
Al-2)41
S (dd+s,

m=k- A(-2)

k- A(-2)-1

S, + 4p{ Z dd,

Tf 2(A(-2)+1 )<k <p, then

A(-2)+1

Z (3, + 4pd.d; )+

m=1

k

>,

m=A(-2)+2

—dpd,d. )+ 8, + 3,

If k = ptl, then

Al-2)+1 b

87= > (8, +4pdd)+ > (8,

m=1 m=A(-2)+2

- 4pd3d5 B 2pg1g3)

p+l

>

m=A(-2)+2

(2pg,g,)+5,,+8, +8,.

If p+1<k<prA(-2)+]1, then

k-p-1

87 = ZS + ZS + i S, +8,+5,+5,.
=k

m=p+1 m=k-p

If ptA(-2)+1 <k<2p, then

k-p-1 P
Z S, + Z S+ Z (8, +d,d)+8,+5,+5,.

m=p+1 m=k-p

If k=2p, then

p k-p-1 k
SZ=3"8,+ > 8,+ ¥ (8,-2pf,)+
m=1 m=p+l m=k-p
P
> (4pdyd, +2pf," )+ 8, +8,,+ 5,

m=k-p

b) pisodd
If k< A(5), then
k k-1
8Z="8+> €,
m=1 m=1

If A(5)<k<A(-1)+1, then
k
SZ =2 (S)+8S,
m=1

If A(-1)+1<k<2(A(-1)+1), then

Al-1)41 k
= 28+ 3 s+
m=1 m=A{-1]+2
k-A(-11-1 A-1)+1
p{ D W)+ X

m=1

m=k-A(-1)

(dd %+ 8.

Tf 2(A(-1)+1)<k<p, then

A(-1)41
SZ= 3 (S,+4pdid))+

m=1

K
Z (S, — 4pd i)+ S, + 8,

m=A{-1)+2
Ifk =p+l, then

Al-1)+1
> (S +4pdid)+
m=1

P

> (S, - dpdid, — 2pgigl)+
m=A-1)1+2

p+l

> (2pgigi)+ S, +8,+ 8,
m=A-1)+2

If ptl<k<ptA(-1)+1, then

b

R

m=p+1 m=k-p

r 1] 1] 1]
S, +8, +5,+8

5 -

k-p-1
SZ= 38+
m=1

If p+tA(-1)+1<k<2p, then

k-p-1 P
87 = Z S, + Z S+ D (8, +dyd)+8,+5, + 5,
m=p+1 m=k-p
If le=2p, then

P k-p-1 k
SZ=3"8,+ > 8S,+ ¥ (S, —2pf;")+
m=p+1 m=k-p

m=1

P
> (4pdid; + 2pf, D+ 8+ 8, + S
=k

m=k-p
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Therefore the Szeged index of above nanotube is
computed.
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