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ABSTRACT

Topulopteal indices are one of the vldest and muost widely used deseriptors in Quantitative Struciure
Properties Relatnnships (QSPR). Amongst the topologieal indices used as deseriptors in QSPR, the Wiener
index 15 by fur the mnst popular mdex. as 1t has been shown that the Wiener index has a strong enrrelation

with the cherical propertics of the eompound.

In this study, the relationship between some of the Wicoer index in contrust to ihe electric moments and
energy (kJmol™) of some armehair pelyhex carbon nanutubes TUVC[2p, q] with same circurnfercnee [2p]
and various length [q] an: presented. The resuits are performed by use of the Gaussian 9% program ut the
Restricted Hartrew-fock (RHF ) levels with (he 3-21¢5 basis sl

Keywnrds:  Armchair eatbon Manotubes; Wieoer index: Electric momend, Ab indio method: Moleeular

lopalogy.

INTRODUCTION

Carbon nanotubes were first discovered in 1991 by S.
lyima [1-3]. Single Wulled Carbon Nanutubes
(SWNT) can be imagined as rolled-up rectangular
strips of hexagonal graphite monolayers. Two of these
correspond to high symmetry SWNT's; in 7igzag tubes,
some of the C-C bonds lic pamliel to the tuhe axis,
while in armehair tubes, some bonds are perpendicular
to the ams (see scheme-1}. Study about propenies of
nanotubes with medicinal and electronic applicativas
have been made the highly vsefil aad effective results
for applications in different areas of seience.

Graph theory [4. 5] 15 a branch of mathematics
concerned about how networks cun be encoded and
their properties mcasured. In chemical praph theory
and 1n mathematical chemistry. a topological index is
any of several numerncal parameters (which are
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usually  graph wvariants} of a graph which
characteoze its topology. It is a kind of a
molecular deseriptor

The Wiener index is the first topological
index recognized in chemical graph theory, and it
is oflen referred 1o as "ihe" wpological ndex.
Usually topologieal indices do oot recognize
double bonds and atom tvpes (C, N, O ctel),
ignore  hwilrogen  atoms  and  defined  for
eermected endirected motecular graphs only [6] .

In this study, the refationship between the
Wicner topological index in contrast 1o the
electric moments and energy (kImel ™) of some
annchair polvhex carbon nanotubes TUVC,[2p,
q] with same circumference [2p: 6] and various
length [q: 3-14] arc presentcd. The results are
performed by use of the Gaussian 98 program at
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the Restrieted Hartree-fock {RHF) levels and
with the 3-21G basis set. The relationships
between this topelogieal index of TUVCq[2p, g]
nanotubes  with  the  mentioned  molecular
properties are presented and discussed.

Topological Indices

A topotogical index 3s a real number related 10 a
molecular praph. It must be a sttuctural invanant,
ie. it docs not depend on the labelling or the
pictorial representation of a graph. There are
scveral topological indices have been defined
and many of them bave found apphcations as
means to model chemical, pharmaceutical and
-other propertics of molecules. Here, we eonsider
Wiener topological index (W),

Wiener Index

Usage of topnlogieal indices in chemistry began
in 1947 when chemist Harold Wicner developed
the most widely known topological descriptor,
the Wiener index, and wsed it to detcrmine
physical propertics of types of alkancs known as
paraffins The Wiener index [7-12] 1s onc of the
oldest molecular graph  based  structure
descniprors and its ehemical applications are well
documented, sce for detals. lo a series of
papers, Diudea and coauthors {13-21] studied the
mathematical property ot somne nanotubes, They
also computed the Wicner index of some of these
nanntubes,

The Wiener index of a graph G is defined a3
the sum of all distanees between distinct vertices
of G. The formula for computing the Wicoer
index of armehair polyhex nanntube 1m the terms
of their eircumference [2p] and ther length [l
is as follow [22]:

lutheease: g2 p
WTUVC dipag) = %[ U220 1 #1 Spgpa -2 1010
i

s the case: gSp
WITUVC 6} = [24 p* g - 29" - 8472 3 (-0 (1= (- L7
1&

Mathematicat Method and Design Modcl
The following structure-property midels are the
most successtil for the logarithm of Wicher
index eonsidered.

Log E = 0.4051{ LogW ) + 3.1650 (4)

R"=0.9989

Log Q = 12267 Log W ) + 2 7845 (5)
1= 0.9990

Log H = 21355 Log W ) + 34295 {6)

R'= 0.9949

Computational Methods

Energy and electic polar moments and
molccular topelogieal index discussed m this
report were shown in table 1. The determnant
concern with the above matrixes solved by using
MAPLE- 9.5 package implemented to a personal
pompulcT. : '

Qur structurcs optimnzation and the total
energy caleulations are performed hy usc of the
Gaussian 98 program at the Restneled Hartree-
fock (RHF) levels with the 3-214 bass set.

Graphs
The Microsoft office Excel-2003 program was
utilized for drawing the graphs of results. ;

RESULTS AND DISSCUSSION l

The values of encrey (kJmol™),  cleetrie
quadrupole, hexadecapole moments of armchair
polyhex carhon nanotubes TUVCy[2p, ql, (Cie
Cag Cq‘r Coy Cis. Crg, Cya). with []] 3 q: 3, 319,
L1, 13, 14] mcreasing in tube length and number
of carbon were shown in wable t 1

Energy and electric moments of  these
nanotubes were performed at lhc Restrieted
Hartree-fock (RHF) levels on 3- 271G basts set
using the standard procedure in| Gaussizo 98
package. I

The values of the Wiener mpulonn:al index
discussed inv this report inerease w11_h the number
of carbon or inerease in nanombe length [q]. {sce
table.1). In accordance with the data of 1ble.2.
the logarithm values of Wiencr mdcx inerease by
increasing value of the lngaruhrmr: encrgy and
electrie quadrupole, hcxadﬂcapnle moments of
armchair carbon nanolubes TU‘v’C‘,[Zp q] in
(Cra. Coo Cuz, Gsa Con, T Caed. -}

The equations ! to 3 were utilized 1o prediet
the values of the energy and elm,tsjc quadrupole,
hexadecapole moments of TUVCe[2p, g] with
same circumference [2p: 6], various lengths [q-
4, H. E, iﬂ, !?] or {Czq Cm‘ CdE. C'Iff"‘ C'.'I] 1 ;

In tables 3, the predicted and Gaussiao values of
the related data due to the armchair carbon
nanotubes TUVC, [2p. g] i {Cas Cas, Cas, Con, Coay
were compared. iz

In figures 1, 2 and 3 | was attempted to show two
dimensional diagrams  of the relatonship
between loganthmie values of W oindex and
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Inganthmic  values energy and logarithmic
clectric hexadecapole mnments nf TUVC, [2p. q]
in (Cya, Eju, Ce Coy Cas, Coy. Caa).

In those curves, there are good correlation
between the value after calculating, the indices
previously  defined, partial least squares
regression was performed and the best madel
was taken as the one presenting the opumal value
of prediction cocflicient, taking into acctunt the
number of descriptors used [ Eq.i-3 | That is, if
the clectinn nf a majne number of parameters did
not Justify the quality of the madel, it was
rejected. Furthermnre the results nf such studies
were uged 1 get nto the quantitative structure-
property relations hip (QSPR) subyects,

CONCLUSION

The most accurate QSPR. mndels for TUVC,[2p,
q] clectric quadrupole, hexadeeapole moment are
based on Log W. The results show that energy
and  electric  quadrupole and  hexadecapole
miments of some TUV, [2p. q] such as (Cas,
Cag, Can. Coo. Cr) could be well predicted by
utilizing the madel. In this  study, The
relationship between W index with the malecular
propertics (the clectric mnments and encrey) has
been studied and model fir designing the
quantitative  structure-property relationships
based tn topolngical indices was presented,

Tablel. The values of energy (E/kTmol ™). slectne quadrupele (Q), hexadecapole (H)
Moments and Wieuer tndex (W) of armchair pliyhex carbon nanotubes TUVC,[2p, g].
{C1s Cig U Csy T Coy Caa)

TUV Gl 2p.ql E( klmnr™) Q Maneat H Moment W Index
Che 17759523700 HI71554.3540 155215059 307
Cay 29617633360 $528717.6190 20964436420 1611
Ca 41474628530 151853457400 LE3273E+! 3651
Ca 5333630.1760 32204157.3000 4.13293F4 || 6915
Cra A5 1RTES O () 60413894,9900 | 10807E+12 11691
Cos 704392 (160 99167167 8000 2.35255E+12 14267
Cey 82072304350 125265644 T.38195E+]2 22320

Tahle2. Logarithinic values af' energy. electric quadrupale and hexadecapole moments. Wiener tulex of

armnchalr polvhex carbon nanotube TUYC[2p. q). [p: 3,9 4. 6, & 10,12

TUVC12p.aj Log E Lag (} _LegH Laog W
Cpe §.2492 5.0687 9.1909 2,705

Ca 64715 67426 163215 32071

Ca 66178 7.1814 11,0541 3.5624

Ce b 7269 7.5079 116162 3.8398

Coa 6.5141 77811 12 (445 4 ORTS

Cn 6.8867 7.9964 12.4069 42616

| Cax 6 9159 8.0Y78 128798 4.3487

Tehled. Uomparison hetween predicied (Models 1, 2, 3} and Gaussian values of ciecriric hexadecapole
moment: af amichair polybex carbon manobshe 1 LV [2p. g],
3 g4 6. 810,12

'I'UVCﬁ[Zpﬂl LogE Laogk, L cap- Lt framsx LagH H st
Ci4 -00014 (LN -Na224
C3n RIANL -0.0228 1327
Cd% - 00HS =286 {1 E022
Col -{.00-40 LTS 0.0493
C7l 0.0617 -3 (R4 -0.20148
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LagE

LogE =0 4051{LogW )+5.1650 R=0.9080
L ogE=0.0066{LopW)'-0 0983{Log W) H) 8314t Lop\v)- 4 S379 Ri= 10000

Fir. 1. The curve of the LesE serus the Ligi

Log Q =1.2267(LogW 42,7845 R={}.0%3()
LopQ=0313{LogWy'-0,4127(LogW) -2.9582{ Log W)+ 04683 =000 .

Fig.2. The curve of the Logl) versus the LogW

LoagW 3.?

27 3z

Log H =2.13535(Log W)+3.4243 R*=0.9549
LogH=0.4765(LogW)’-5.0196{LogW) 19 493 (LogW)-16.247 E=010068

Fig.3. The curve of the LopH versus the LogW
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Armehair

Schemel. Two types of single-wall nanutubhes,
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