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ABSTRACT

The drug delivery via multi wall nano tube has been studied using ab-initio and QM/MM
methods. We have studied the solvent effects on the relative energies and dipole moment values
and the structural properties of water, methanol and ethanol surrounding single-walled and multi
walled carbon nanotube. In this study we investigated the polar solvents effects on MWCNT within
the Onsager self - consistent reaction field (SCRF) model using a Hartree-Fock method and the
temperature effect on the stability of SWCNT in various. Because some of the physicochemical
parameters related to structural properties of SWCNT, we used different force fields to determine
energy and other types of geometrical parameters, on the particular SWCNT. It is important to
understand the energetic, stability dependent physical properties of armchair (m, n) carbon
nanotube for specific molecules of -N=C=S group reacts.
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INTRODUCTION

The highly electrophilic central carbon
atom of the -N=C=S group reacts rapidly, and under
mild conditions with oxygen-, sulfur-, or
nitrogencentered nucleophiles to give rise to
carbamates, thiocarbamates, or thiourea
derivatives, respectively. The -NCS group of
isothiocyanates absorbs UV light with low intensity
near 240 nm. Among the most extensively
investigated isothiocyanates is PEITC which occurs
naturally as glucosinolate in a variety of cruciferous

vegetables such as: kale, turnip, cabbage and
broccoli. Phenethyl-ITC (PEITC) is one of the best-
studied members of the ITC family of compounds
that has generated a great deal of research interest
due to its cancer chemopreventive activity [1-10].
Angiogenesis (formation of new blood vessels):
cancer, rheumatoid arthritis, endometriosis and
diabetic retinopathy. Therefore, antiangiogenic
therapy represents one of the most promising
approaches to control tumor growth and
invasiveness. PEITC inhibits transcriptional activity
of nuclear factor-kB (NF-kB) and suppresses
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expression of NF-kB-regulated genes, including
vascular endothelial growth factor (VEGF) 3, 4],
Because VEGF plays an important role in
angiogenesis by promoting endothelial cell
proliferation, migration, and differentiation. PEITC
effectively inhibits in vitro angiogenic features.
PEITC effectively inhibited chemically-induced lung,
mammary gland, forestomach and esophagus
tumorigenesis. Phenethylisothiocyanate exhibits
antileukemic activity in vitro and in vivo®°,

The carbon nanotube (CNT) is a
representative nano-material. CNT is a cylindrically
shaped carbon material with a nanometric-level
diameter''-8,

Its structure, which is in the form of a
hexagonal mesh, resembles a graphite sheet and
it carries a carbon atom located on the vertex of
each mesh. The sheet has rolled and its two edges
have connected seamlessly'®%,

Although it is a commonplace material
using in pencil leads, its unique structure causes it
to present characteristics that had not found with
any other materials. CNT can be classified into
single-wall CNT, double-wall CNT and multi-wall
CNT according to the number of layers of the rolled
graphite26°,

The type attracting most attention is the
single-wall CNT, which has a diameter deserving
the name of “nanotube” of 0.4 to 2 nanometers. The
length is usually in the order of microns, but single-
wall CNT with a length in the order of centimeters
has recently released®'#.

CNT can be classified into single-wall CNT,
double-wall CNT and multi-wall CNT according to
the number of layers of the rolled graphite. The type
attracting most attention is the single-wall CNT,
which has a diameter deserving the name of
“nanotube” of 0.4 to 2 nanometers®22,

The length is usually in the order of microns,
but single-wall CNT with a length about centimeters
have recently released. The extremities of the CNT

have usually closed with lids of the graphite sheet*"-
49
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The lids consist of hexagonal crystalline
structures (six-membered ring structures) and a total
of six pentagonal structures (five-membered ring
structures) placed here and there in the hexagonal
structure®®%®. The first report by lijima was on the
multiwall form, coaxial carbon cylinders with a few
tens of nanometers in outer diameter*®-%. Two years
later single walled nanotubes were reported®-62.
SWCNTs have considered as the leading candidate
for nanodeviceapplications because of their one-
dimensional electronic bond structure, molecular
size, and biocompatibility, controllable property of
conducting electrical current and reversible
response to biological reagents hence SWCNTs
make possible bonding to polymers and biological
systems such as DNA and carbohydrates®+.

So, The structure of SWCNT as well as their
dipole moments and relative energies have been
studied by molecular dynamics simulation and
quantum mechanics calculations within the Onsager
self - consistent reaction field (SCRF) model using
a Hartree-Fockmethod (HF) at the HF/3-21G level
and the structural stability of considered nanotube
in different solvent media and temperature have
been compared and analyzed.We investigate
effects of water, methanol and a mixture of them on
interaction of Temozolomide with SWCNT, utilizing
these force fields too*®-6,

The calculations have been done with the
GAUSSIAN 98 program according to Hartree-Fock
(HF) theory at the HF/STO-3G level. Gibbs free
energy,enthalpy,entropy and dipole moment values
are compared in gas phase, water and methanol,
in this research[64-80]. Thus, by utilizing a Hartree-
Fock method, we studied the effects of different
solvents on interaction of Temozolomide with open-
end of SWCNT within the onsager self-consistent
reaction field (SCRF) model, and the temperature
effects on the stability of the interaction between
Temozolomide and single-walled carbon in various
solvents8®?7,

ll-computional details

The term “Ab Initio” is given to
computations which are derived directly from
theoretical principles, with no inclusion of
experimental data. The most common type of ab
initio calculation is called a HartreeFock calculation
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(abbreviated HF), in which the primary
approximation is called the central field
approximation. A method, which avoids making the
HF mistakes in the first place, is called Quantum
Monte Carlo (QMC). There are several flavors of
QMC variational, diffusion and Green’s functions.
These methods work with an explicitly correlated
wave function and evaluate integrals numerically
using a Monte Carlo integration. These calculations
can be very time consuming, but they are probably
the most accurate methods known today. In general,
ab initio calculations give very good qualitative
results and can give increasingly accurate
quantitative results as the molecules in question
become smaller.

There are three steps in carrying out any
quantum mechanical calculation in HyperChem 7.0
program package®. First, prepare a molecule with
an appropriate starting geometry. Second, choose
a calculation method and its associated options.
Third, choose the type of calculation with the
relevant options.DFT is based on a theorem due to
Hohenberg and Kohn, which states that all ground
state properties are functions of the total electronic
charge density A(r).There are several different DFT
functional available differing primarily in the choice
of the basis functions, in which, the electronic wave
functions are expanded and the scheme of
integration®®7°.

The Becke’s three parameter exact
exchange functional (B3) combined with gradient
corrected correlation functional of Lee—Yang—Parr
(LYP) have been employed to calculate energy,
dipole moment, charge distribution and thermo
chemical data and NMR parameters by
implementing the 6-31G,STO-3G basis sets. All
the NMR shielding parameters were calculated
supposing gauge-included atomic orbital (GIAO)
method.

NMR spectroscopy is a research
technique that exploits the magnetic properties of
certain atomic nuclei to determine physical and
chemical properties of atoms or the molecules in
which they are contained. It relies on the
phenomenon of nuclear magnetic resonance and
can provide detailed information about the
structure, dynamics, reaction state, and chemical
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environment of molecules. Ab initio calculation of
nuclear magnetic shielding has become an
indispensable aid in the analysis of molecular
structure and accurate assignment of NMR spectra
of compounds.

NMR is based on the quantum mechanical
property of nuclei. The chemical shielding refers to
the phenomenon, which is associated with the
secondary magnetic field created by the induced
motions of the electrons that surrounding the nuclei
when in the presence of an applied magnetic field.
In general, the electron distribution around a nucleus
in a molecule is more spherically symmetric.
Therefore, the size of electron current around the
field, and hence the size of the shielding, will
depend on the orientation of the molecule within
the applied field B,

Calculations of nucleus-dependent and -
independent chemical shifts were carried out using
the gauge-invariant atomic orbital (GIAO) approach.

Compound name Compound Structure

A (2-fluoro-2-
isothiocyanatoethyl)benzene EN
C§N
B (2-chloro-2- a
isothiocyanatoethyl)benzene S\C
%N
C (2-bromo-2- Br
isothiocyanatoethyl)benzene SN
S
N
E (2-
isothiocyanatopropyl)benzene SN
s

F  (2-isothiocyanato
Butyl)benzene SN

G (1-isothiocyanatoethane-1,2-
diyl)di benzene

Calculations were performed using an all-
electron linear combination of atomic orbitals
Hatree—Fock (HF) and density functional theory
(DFT) calculations using the Gaussian 03 package.
The optimizations of (2-fluoro-2-
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isothiocyanatoethyl)benzene, (2-chloro-2
isothiocyanatoethyl)benzene, (2-bromo-2-

isothiocyanatoethyl)benzene, (2
isothiocyanatopropyl)benzene, (2-isothiocyanato
Butyl)benzene and (1-isothiocyanatoethane-1,2-
diyl) di benzene (used in this study are shown in
Figure. 2) are carried out including exchange and
correlation contributions using Beck»s three
parameter hybrid and Lee-Yang-Parr (LYP)
correlation [B3LYP]; including both local and non-
local terms. We have geometric optimization
calculation at the HF/6-31G, HF/6-31G**, HF/6-
311G**. We have also performed a geometric
optimization calculation at the B3LYP/6-31G, B3LYP/
6-31G** and B3LYP/6-31G** level. The NMR
isotropic shielding constants were calculated using
the standard GIAO (Gauge-Independent Atomic
Orbital) approach of Gaussian 03 program
package®.

Molecular mechanics (Monte Carlo simulation)

The Metropolis implementation of the
Monte Carlo algorithm has been developed by
studying the equilibrium thermodynamics of many-
body systems. Choosing small trial moves, the
trajectories obtained applying this algorithm agree
with those obtained by Langevin’s dynamics. This
is understandable because the Monte Carlo
simulations always detect the so-called “important
phase space” regions which are of low energy.
Because of imperfections of the force field, this lowest
energy basin usually does not correspond to the
native state in most cases, so the rank of native
structure in those decoys produced by the force field
itself is poor.

In density function theory the exact
exchange (HF) for a single determination is replaced
by a more general expression the exchange
correlation functional, which can include terms
accounting for both exchange energy and the
electron correlation, which is omitted from Hartree-
Fock theory:

E =v+(hp)+1/2(P,(p))+E,, +E

2(p C(p)

where El(p)is the exchange function
and Ec(p) is the correlation functional.
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Langevin dynamics (LD) simulation

The Langevin equation is a stochastic
differential equation in which two force terms have
been added to Newton’s second law to approximate
the effects of neglected degrees of freedom .These
simulations can be much faster than molecular
dynamics.The molecular dynamics method is useful
for calculating the time dependent properties of an
isolated molecule. However, more often, one is
interested in the properties of a molecule that is
interacting with other molecules.

RESULTS AND DISCUSSION

We used different force field to
determination of energy and other type of
geometrical parameters, on the particular SWCNT,
and DWCNTs Because of the differences among
force fields, the energy of a molecule calculated
using two different force fields will not be the same.In
the process of investigating the combination of
particular molecules and CNT to achieve more
information about these important gene transfer
systems, we attempted to construct different (2-
fluoro-2- isothiocyanatoethyl) benzene, (2-chloro-

2- isothiocyanatoethyl) benzene, (2-iso-
thiocyanatopropyl) benzene, (2-bromo-2-
isothiocyanatoethyl)benzene and (2-

isothiocyanatoButyl)benzene and link them
individually to outer surface of SWCNT to develop
practical application of these molecules to interact
with SWNTs and DWCNTSs. These coupling have
been performed between C atom of nanotubes and
halogen of molecules.In Fig.1 the couplings
between these molecules and single wall nano
tubes with outer surface of SWNT has been
displayed. Optimizations of these structures have
been performed by using UFF and AM17'.

So, it is not reasonable to compare the
energy of one molecule calculated with a particular
force field with the energy of another molecule
calculated using a different force field. In this study
difference in force field illustrated by comparing the
energy of calculated by using force fields, MM+,
Amber and OPLS. Theoretical energy values using
different force fields, which is the combination of
attraction van der Waals forces due to dipole-dipole
interactions and empirical repulsive forces due to
Pauli repulsion has been demonstrated in



SHABANZADEH et al., Orient. J. Chem., Vol. 31(4), 2461-2468 (2015) 2465

Table 1: Calculated dipole moment and optimized energy parameters(relative)
with different levels of Theory, which are affected by different dielectric constants

Media Temperature

Dipole moment

Energy
a 305 307 309 311 313 315 317 319 321
554 4.44 3.89 7.9 45 3.22 4.33 4.25 3.45
-51.1211 -51.0136 -51.083  -55.373 -63.534 -47.443 -56.610 -33.968 0.0
b 1.02 2714 225 134 1.276 3.95 1.916 1.653 2.997
-34.927 -35.496 -37.185  -49.365 -38.160 -30.994 0.0 -30.44 -35.442
c 6.4 5.03 3.83 3.55 5.84 4.33 244 531 6.66
-36.34 -25.247 -356.165  -33.345 -34.55 0.0 -34.555 -17.361 -26.231
e 1.152 4.194 3.261 3416 244 3.565 3.461 244 2.651
-39.48 -42.35 -47.36 -55.33 0.0 -36.26 -37.26 -34.55 -38.98
f 2.84 1.68 355 2.58 1.27 3.28 277 1.94 2.961
-31.72 -34.31 0.0 -23.82 -33.259 -43.156 -46.18 -40.46 -62.287
g 3218 2.726 3.943 3.149 3.242 5.645 3.345 3.83 4.46
-51.27 -38.561 -56.234 -54.48 -42.57 -35.545 -35.72 -43.635 0.0
HF B3LYP E
(7,7)SWNTS Ex10° n E n Dielectri MM+ Amber OPLS
Sto-3g Sto-3g Sto-3g Sto-3g 2 c
3-21g 3-21g 3-21g 321g & constant
(11,11)SWNTS -35.24 29.85 -42.36 43.85 % 1 472.55 250.32 317.77
-35.49 75.59 -72.65 68.61 E 78.00 422.56 862.79 375.63
S
(7,7)@(12,12)DW -52.55 3151 5629 3679 2 32.00 540.69 176.17 364.42
NTS K
-42.36 47.55 -50.63 23.30 E, 24.00 224.12 147.42 516.47
(5,5)@(10,10)DW -34.57 34.69 -62.65 16.81 § 70.00 541.65 360.79 247.74
NTs
-22.76 64.14 -34.03 23.34 72.00 545.18 149.87 391.12

5 2
(2-flure-2- isothiocyanatoethyl

s anatoethyl) L benzen 4P ‘

, et Mg 2

A
(5,5)SWNTs *""‘.A : ‘.1

Fig. 1: (5,5)& (9,9) SWCNT structures in binding with (2-fluoro-2-isothiocyanatoethyl)
benzene and (2-chloro-2-isothiocyanatoethyl)benzene respectively
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2
isothiocyanatoButyl
benzene

2-bromo-2-
isothiocyanatoethyl
benzene

Fig. 2: (7,7)& (12,12) &(9,9)@(11,11) DWCNTs in binding with ((2-bromo-2-
isothiocyanatoethyl)benzene and (2-isothiocyanato Butyl)benzene respectively

energy 400 energy 1400
350 — N
200 / N 1200 /
20 / \\\ o 1000 /. \.\
200 o e 800 / \\\
150 600 .(/ \'\ _______ .
100 —*—OPLS 00 BT — MM
50
200
0
0 1 2 3 4 5 6 0
dielectric 0 1 2 3 4 5 6
dielectric
Fig. 2: The chart of optimized energy using theoretical
methods in various media, for SWNTs and DWNTS
Table1.Since the solute dipole moment induces a Also, polarization of the medium in turn
dipole moment in opposite direction in the polarizes the charge distribution in the solvent. The
surrounding medium. dipole moment value of SWCNT in different solvent
media at same temperatures has been reported .
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