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ABSTRACT
In thus rescarch, we have studied the structural propertics of water. methanol and ethano] surrounding single-
walled carbon nunotube (SWCNT) and muxed of them either and we have investigated the solvent effects on
the relative energies and dipole moment values by using wolecular dynamics simulation. We used different
force feld to deterrmaed cnergy and other type of geememical parameiers, on the particubar SWCNT, hecayse
of the differences among foree fields. the encrgy of a moleeul: calculated using two different foree fields will
not be the same. In this study differcnce in foree field illustrated by comparing the energy of caloylated by
using foree ficlds, MM+, Amber and DPLS “r'he Quantum Mechanics (M) caleulntions were carted oyt with
the GAUSSIAN 98 program hased en densicy Functional theory (DFT) at BiLYIV3-21G level. In this study,
we have comparison between vacuum phase and solvent calculations that considered solvents such as water,
methanel, and ethanel and mixed of them, Therefere in this study we investigate polar solvents effects on
SWONT within the Onsager sclfeonsistent reaction field {SCRF} model at BILYP3-21( level and the

rermperature effeet on the stabiiity of SWONT o varfous solvents.
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INTRODUCTION

The carbon nametape (CNT) is a representative nano-
material. CNT s u cylindneally shaped carbon
material  with @  nanometric-level  digmeter,  Its
structure, which is in the form of a hexagonal mesh,
resembles a graphite sheet and it camies a carbon alom
iocated on the vertex of cach mesh The sheet is rolled
and 118 two edges arc connected seamiessly. Although
1t is a commonplace material that is used in pencil
leads, 1ts wnique structure causes it to prescnt
characteristics that are wot found with any other
materials, CNT can be classified into single-wall CNT,
double-wall CNT and multi-wall CNT aceording 10
the numbcer of layers of the rolled graphite, The tvpe
attracting most attention is the single-wall CNT, which
has a diameter deserving the name of “nanmiube”
of 0.4 to 2 nanometers. The length is usually in
tbe order of mierons, but single-wall CNT with a
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length m the order of centimeters has recently
becn released. The extremities of the CNT are
usually closed with lids of the grapbite sheel.
The lids consist of hexagonal erystalline
structures (six-membered nng siructures) and a
total of six pentaponal stucturcs (five-
membered nng soructures) placed here and there
in ibe hexagonal structure The first report by
[iyima {1] was on the nultwall form. coaxial
carhon cylinders with a fow tems of nanometers
m outer diameter. Two years later single walled
nanoubes  were reported [2.3]. They arc
typically between 1 and 1.5 nm in diameter, but
several microns in length, After a slow start in
the mid 90°s the Geld suddenly exploded two years
apo, A first application - displays made out of
field emitting multiwail whes — is planned w be
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comerctally available during the next year.
Other praoposed applicatinns  include, c.g.,
namntubes o intergrated eiréuits, nanotube
actuators, or nanotubes for hydrogen stnrage [4-
8]. From a physics pnint nf wiew they are
pribably the best realized example nf a nne-
dimensinnal system. Around the namitube’s
circwmference the wave vector is gquantized,
where as & can take contmnus values along the
axis. The abundance 0f new phenomena fmmd
111 single-walled nanntubes comes net enly from
the confmement por se. but alsn from the
muliiple ways to cantruct a tube. The best
known example far a sudden change in the
nanotube  properties with thewr particular
structurc i their  electronic  dispersinm.
Depending nn the direction nf the cnnfinement
directinn wath respect to graphitc nanotubes are
metailic or semiconduciing. The band structure
can even be furlher manipulated, e.g., by
mtroducing defects into a tube {9].

The discovery of carbon nanotubes (CNTs)
which are nano-sized materials wilh excellent
mechanical and electrical propertics and have
been proposcd w0 be uwsed inm a vanety of
application  fields [10]. CNTs are a new
allotrope of carbon orpgmaled frnm fullerens
family, which wall revolutinnalize the fuhme
nanotecnolowical devices [11]. There are two

types of CNTs: single-walled nanntubes
(SWCNTs) and multi-walled nanntuhes
(MWCNTs) [12]; that they have three

confnrmation: armehair {nn), zigzag (1,0) and
chiral (n,m) these conformalions have individual
properties [13]. SWCNTs have heen ennsidered
as the leading candidate for nanndevice
applications becausc nf their one-dimensional
electronic bond structure, molecwiar size, and
biocompatihility. commollable  property of
conducting clectrical current amd reversihic
response to biolegical reagents hence SWCNTs
make possiblc bonding to  polymers and
biological systems such as DNA  and
carbnhydrales [14].

COMPUTATIONAL METHOD

A method, which avmds making the HF
mistakes in the first place. 11 called Quantim
Mnnic Carlo {QMC}Y Thers are sevcral flavors
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of QMC variational. diffusion and | Green's
functions. ‘These methods work with am
explicitly cnrrelated wave function and ‘evaluate
integrals numerically using a Manie Carlo
integravinn. These caleulatinns can be vcr3 time
consurming, but they arc pmbably the mnst
accurate methnds known inday. In general. ab
initio calculatinns give vety good qualitative
results and can give mueasmgl}r |accurate
quanlilative results as the malecules in questmn
becnme  smaller. There are three steps i
garying  out  any  guantum , méchanical
calculatinn 1n HyperChem 7.0 program 'nackapme
[13]. First, prepare & mnlecule: with an
apprapriate starting grometry. Secomnd. ‘ehnosc a
caleulation methnd and its assoctated nptions.
Third, choosc tbe type nf calculatinn with the
relevant optinns. . i |
Langevin Dynamics (LD} Simulation : !
The Langevin equatioa is 8 siochastie
differential equation in which twn force terms
have been added o Newton's sccond law to
approximate the cffects of neglected degrees nf
freednm [16]. These simulatinns can be much
faster than mnlecular dynamics.The molccular
dynamics methnd is uscful for caleulating the
time dependem properics of ! an, isolated
mulecule.  However, more. ofien,  Dne s
interested 1 the properties of a malecule that is
interacting with other mnlecules. i

Molecutar Mechattics (Monte Carle Stmulztion)

The Memwopoks implementatinn of the WMonte
Carlo algnrithm has been developed by’ studying
the equilibrivm thermodynamics of many-bedy
systems. Chnosing small trial | moves, (he
trajectories oblaned applying this algcmthm
agrce with thnse  obtwned by Langevma
dymarmics [17]. This is understandablc beeause
the Monte Carlo simulations always detect the
sn-calied “important phusc space”™ regions which
arc of low cemergy (18] .Becduse of
imperfections of tbe force field thtls lowest
energy basin usually docs not correspond tn the
native state 1n most cascs, so the rank’of mative
structure in those decoys anduLed by.lhe forec
ficld itsclf 1s pnor. |
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In density function theory the exact exchange
(HF) for a single determination ts replaced hy a
more  gencral  expression  the  exchange
comelation functional. which can include terms
accounting for both exchange cnergy and the
electron correlation, which is omited from
Hartrce-Fock theory:

E =v gyt AP (o) + £, + B, (1)
where £ 35 the exchange function and Eeiyi

the correlanion functional. The correlation
function of Lee, Yang and Parr is includes bath
local and non-local term |19].

RESULTS AND DISCUSSION

Since, the influeocc hetween a molceule in
solation and its medwm can deseribe most
simply hy using Onsager model. In this model
we have assumed that the solute 15 placed in 2
spheneal eavity inside the solvent. The latter is
described as a  homogeneous, polarizable
medium of dielectric constant.

We started our studies at BILYP/3-21G gas
phase geometry and water, Methanol and
Ethanol surrsunding  sinple-walled  carhon
nanotuhe (SWONT) and mixed of them cither.
The results obtained from Onsager model
calculations  illostrated  using  the  coerpy
diffcrence  berween these conformers  which
quite scnsitive to the polarity of the surrounding
snivent. The solvent effect has been caleulated
using SCRF model. Accerding to this methnd,
the total energy of solute and solvent, which
depends on the dielectric constant £, has heen
Disted 1n Table 1.

These energies have cumpared to the vacuurn
phase wial energy CNT at the BILYP3-21G
level nf theory and different solvents and the
graph of coergy values versus diclectric constant

of different solvents has been displayed at
considercd ternperaturu i Fig. 1.
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media.

Table 1. Theoretical relative enerpies at dilferent temperamres and diclectc canstaos
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Since the solute dipole moment ioduces a dipole
moment in oppositc directioo in the surrounding
medium, polanzation of the mcdium in twm
polarizes the charge distribution in the solvent.
The dipole moment value of SWCNT o
different solvent media and at different
temperatures has heen rcported in Table2.

Onc much more practical approach consists
of calculating the molccular volume as defined
through the contour of constant electron density,
equating this (oon-spherical} molecular volume
to the radius of an {(idcally spherical} cavity, and
adding a constant inpcrement for the closcst
possible approach of solvent molecules. This
latter approach used in Gaussian when ihe
volumd keyvward was being used.

In this work, we studicd the structural
properties of water, methanol and ethanol
surtoundiog  single-walled carboo  nanotuhc
(SWONT) and mixed of them either using

I

molecular dynamics simulations. We used
different force field te detcrmination of ¢nergy
and other type of geometrical parameters, on the
particular SWCNT, because of the differcoces
among foree fields, the energy of a molecule
calculated using twe diffcreat foree fietds will
net be the same. :

So, it is not reasonable to comparc the cnergy
of onc molecule caleulated with' a particular
ferce fleld with the cnergy of another moleculc
calenlated using a differcot foree field, In this
study diffcrence in force ficld illustrated by
comparing the cnergy of calculated by using
force fields, MM+, Amber and OPLS. 1]

Theoretical cnergy values using difference
force fields which is the combination of
attractioo van der Waals forces due to dipolc-
dipole iteraclions and empirical repulsive
ferces duve to Pauli repulsion has | been
demonstrated in Table 3 and Fig.3.
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Fig. 1.The relative energry values ac different temperatures in ditferant solvents.

Tabla 2. Theoretical dipele momern values at different temperatures
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Fig. 2, The dipele moment vatues at different temperatures.
Tahle 3. Theorctival eaergy values using different foree Rclds
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Figr. 3. The eneray valucs using differeat force fcids
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CONCLUSION

In this study. we nvestigated polar solvents
effects and different temperatures effect on the
stability of SWOCNT in vanous solvents. Ab
imitio  calculaions were  carried out  with
GAUSSIAN 98 program using density functional
theory (DFT) at the BILYP/3-21G level of
ihcory. Becausc of the graphene sheet of single-
wall carbon nanotube it is  legical and
satisfactory finding that the water can be
suggested as the most improper solvent for
structural properties of SWCNT duc to its
strongly hydrophebic charactenstic.
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