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ABSTRACT

In this study, we investigated the binding of Clonidine Drug (C,H,CI,N,) with zigzag single
walled Carbon Nanotubes (SWCNTSs) (5, 0) and a length of 57A by theoretical methods of theory
(NMR, NBO, HOMO- LUMO Gap energy, Calculations) using Gaussian 09 software package.
Then, Simulation was done in MM*, AMBER and OPLS force fields by Monte Carlo method in
HyperChem. Three important energy parameters — Potential Energy, Kinetic Energy and Total
Energy-calculated in five different simulating temperatures (308, 310, 312, 314 and 316 Kelvin)
were used for computation and good resultswere obtained.

Key word: Carbon Nanotube, ClonidineDrug,DifferentProperties.

INTRODUCTION

Nano technology is an advancing method
with many ways for unlocking problems, especial
in medical science. By performing more research
on this technology, treat can be found for diseases
that have no cures until now. Therefore,
nanotechnology can effect on life.

One of the exciting classes of nano
materials is Carbon Nanotubes (SWCNTs), which
possess characteristics suitable for many
applications as delivery vehicles of biologically
important molecules in view of possible biomedical
applications, such as vaccination and gene or Drug

delivery. A useful devise to achievement these
purposes is theoretical methods" 2.

Ideally, the Nanotubes will locate to a
specific site in the body, through its functionalized
surface, and release its contents. The major
advantage with this form of targeted Drug delivery
is the possibility of reducing the many adverse side
effects experienced by patients®® hence throughout
various field of science and technology, a push
towards the use of Nano- scale technology such as
Single wall Carbon Nanotubes is on the move. One
area where SWCNTs work is already well under
way is within the field of Drug delivery. SWCNTSs
make possible bonding to Drugs®.
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One of the goal of this study was to
examine the binding of Clonidine Drug with zigzag
single walled Carbon Nanotubes (SWCNTSs) with
(5, 0) structure and a length of 5°A and investigate
different parameters of Drug-SWCNT complex™.

The secondary goal of this study was
investigate of Energy parameters of Drug-SWCNT
complex.

METHODOLOGY

In our model, the firstly, Clonidine Drug was
attached covalently to Carbon Nanotube(SWCNTSs)
with (5, 0) structure and a length of 57A.

All calculations were performed using
Gaussian 09 software package. Geometrical
optimizations of Drug, single point calculation and
NMR parameters were carried out in gas phase
with the Hartee -Fock method coupled to 6-31g*
basis set for all atoms.

The most common type of ab initio
calculation is called a Hartee- Fock calculation
(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). These methods work with an
explicitly correlated wave function and evaluate
integrals numerically using a Monte Carlo
integration' '2. 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 Hyper-Chem. 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. For example we calculated H, C, N, CINMR
spectral parameters for the interaction of Clonidine
Drug with SWCNT in gas phase by the HF/6-
31g*method.

The chemical shielding tensor describes
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how the shielding varies with the molecular

orientation. The three principal components of this

tensor are often given by:

1150, <0 (1)
The values of the shielding tensor are

frequently expressed as the isotropic and

anisotropic parts (. and c and the shielding

iso aniso)

asymmetry (n) 516

Geometrical optimizations of Drug were
carried out with the Hartee -Fock method coupled
to 6-31g basis sets for all atoms. Also, in this study
we use chem Office software (chem3D and chem
draw) and hyper chem at the end data will be
presented as tables and figs. Simulation was done
in MM+, AMBER and OPLS force fields. Molecular
Mechanics calculations were assessed by Monte
Carlo method'”. Three important energy parameters
— Potential Energy, Kinetic Energy and Total Energy-
in five different simulating temperatures (308, 310,
312, 314 and 316 Kelvin) were used for
computation.

RESULTS AND DISCUSSION

Molecular Geometry

Fig. 1, Shows the graphical representations
of the optimized geometry of Drug—SWCNT. In the
figure, the Cl atoms are shown by green colors,
white spheres are H atoms, blue sphere is N and
gray sphere is C. Selected geometrical parameters
for Clonidine DrugSWCNT are also shown in
Fig.1.a.

Nuclear Magnetic Resonance Parameters

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 the 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,
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In the present paper, total dipole moments
of Drug interaction with SWCNT in gas phase have
been explored and NMR computations were done
by Gaussian 09 suite of programs. The calculated
magnetic shielding tensor (8 ,ppm), shielding
asymmetry (n) and the chemical shift tensor (3)
calculated for C, H, N and CI nuclei in the active
site of Clonidine Drug and for carbon atoms of the
open end of a SWCNT system in gas phase are
presented in Table 1. Also, the graphs of calculated
isotropic magnetic shielding constants o, (ppm),
anisotropic magnetic shielding tensors ¢, . (ppm),
Chemical shifts * (ppm) and shielding asymmetry

Table 1: Components of the magnetic shielding
tensor (o, ppm), shielding asymmetry (n) and
the chemical shift tensor (8) calculated for C, H,
N and Cl nuclei in the active site of Clonidine
Drugand for carbon atoms of the open end of a
SWCNTin gas phases at HF level with the 6-
31G* basis set

0.].].
Atoms o, c,, n
cyaxniso 0.33 8
-637.903
16C -146.819 2.1718 0.39
833.1764 195.2738 -491.084
-27.4424
26C 62.3164 76.5701 0.68
165.2638 137.8214 89.7588
-21.4359
27C 74.3248 60.7113 0.75
205.135 183.6991 109.3743
-31.3291
30C 59.2903 70.0129 0.76
170.5161 139.187 -90.6194
-15.762
31C 72.2245 74.2898 0.95
173.9076 158.1456 -87.9865
663.5445
32ClI 816.6251 719.4868 0.22
403.2994 1066.844 250.2188
687.0149
33ClI 829.9645 740.9236 0.23
374.9403 1061.955 231.9907
151.9829
34N 201.0279 206.7937 0.76
92.3243 244.3072 -49.045
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(-) versus the number of atomic centers for selected
atoms of Drug -SWCNT system are displayed in
Figs. 2a-c respectively.

As was expected, the NMR shielding
tensors of H, C, N, and CI nuclei are drastically
affected by the atom to which they are bonded and
by the type of the bond to the neighboring atom.
The results obtained give strong evidence that
intermolecular interactions play a very important
role in determining the H, C, N and ClI NMR
chemical shielding tensors. Some systematic trends
appeared from the analysis of the calculated values.

82.2142
35C 145.1186 158.8151 0.56
112.1122 194.3264 -62.9044
97.5868
36C 138.4438 132.6744 0.75
87.4834 185.0702 46.6264
-205.081
37N 18.9341 60.7706 0.62
406.1945 201.1131 -224.016
-81.4283
38C 37.2258 83.3807 0.61
191.1532 109.7249 -118.654
-129.917
39N 92.7911 191.107 0.11
347.1001 217.1832 -222.708
20.6434
48H 25.4223 25.8038 0.84
9.1762 29.8196 -4.7789
19.6648
51H 28.6523 29.4006 0.83
17.2266 36.8914 -8.9875
14.176
52H 23.5228 21.6918 0.67
20.5244 34.7004 11.1776
22.7438
53H 26.5296 26.1305 0.59
7.9708 30.7146 5.6926
22.9016
54H 27.3878 26.1813 0.57
10.1788 33.0804 5.696
14.1398
55H 31.1369 32.9595 0.78
32.1716 46.3114 -16.9971
-6.546
56H 17.6022 9.8818 0.51
56.0167 49.4707 31.8685
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According to Figure2a, it is obvious that one atom
in Drug-SWCNT system has maximum o, value in
compare to the other atoms of this structure and this
value belongs to 33CIl. Anisotropic chemical
shielding is one of the other parameters that were
checked in this work. From Figure 2b it has been
found that the maximum value of o, . in Drug-
SWCNT system is related to 16C. The results of
investigating chemical shift tensor indicate that 32Cl
have been shown to be the largest value of (3) in
system as Drug interacted with SWCNT and our
knowledge about Drug interacted toSWCNT has
been specified that C number 31 show the largest
intermolecular effects in (n) component (Fig. 2d).
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Natural Bond Orbital (NBO) Analysis

The concepts of natural atomic orbital NAO
and NBO analyses are useful or distributing
electrons into atomic and molecular orbitals used
for the one-electron density matrix to define the
shape of the atomic orbitals in the molecular
environment and then derive molecular bonds from
electron density between atoms. In NBO analysis,
the input atomic orbital basis set is transformed via
natural atomic orbitals (NAOs) and natural hybrid
orbitals (NHOs) into natural bond orbitals (NBOs).
The NBOs obtained in this fashion corresponds to
the widely used Lewis picture, in which two-center
bonds and lone pairs are localized' 2%

Table 2: NBO analysis of Drug binding to SWCNT in gas phases at HF level with the6-31G*basis set.

Bondf .. Coefficients hybrids =S - E-
Fack Matrix (F ,, a.u) (Kecal/mol)
C16 — 18505,  0.72sp ““+0 B8Bsp ™ wi= BO (1-BD (1= 168 911
C16 —H355.50:  0.71sp'**+0.69 sp**' w)= BD (1 221[3 (1F 174 2551
C16—HS&...,, 0 T7sp5d°*'+0 63s )= B0 (1) BO" (1) 153 3219
C26 —C27{gras;  0.71sp"""+0.69sp"® w)= BD 1:1*}0;?]::-9' (1% 1.81 5.69
026 —c31f 50 0.71sp" %40 705p"™ w)= BD (1 ig&;l (1) 1.81 5.49
C26 — C1334...,, 0.67sp™™® d*?'+0 T4sp* ™d°™ w)= BD (1 .‘?Qg? (1F 1.70 3.96
027 — 28 5.5:  0.71sp"**+0.70sp"¥ w)= BD (1 }DQEEIE (1127 6.05
€29 —C30{seer  0.69p *40.71sp ™ w)= BD n:tigTDE: (1% 1.81 5.60
C30 —C31{ss  0.70sp'*'+0.71sp" "™ )= BD mDrEEluEE:-D (1 1.81 5.46
C30 — 032 ssee:  0.67sp™ 'd" 740 73sp" °d" ™ )= BD m}"ﬁ'— (1 170 3.87
C31 —N3d{asse  0.62s5p"'d"V+0 78sp" ™ w)= BD (1 DrtﬁluTDs (1= 173 3.92
N34— C3Bssns  0.78sp  2240.62sp2 """ y)= BD n:tig? (1F 1.66 2.64
035 —(36{ 5y, 0.76sp'*°+0 B4sp™*°g"™ wh= BD (1 ;IEEIIHLI:-E' (1= 153 8.03
C35-N3%_.... 061sp"7d"®+0 79gp™ *°d* " w)= BD (1 ?.IEI;?}EE (1F 173 1468
C36 —N37¢_.... 0656sp™*d"7"+0 7hgp” *d* " w)= BD (1 ?h;? (1 1.60 1465
N37— (38,50, 0.76sp" ¥ d"?'+0 Gdsp™™ w)= BD (1 ?-:EI?E:-T (1 1.90 277
C38—N3%_.... 0.61sp'"**+078sp™*d"™ w)= BD (1 ;IEEIuﬁDi (e 177 3.23

*0.068
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Table3. Electric potential in different
bonds of Drug at HF /6-31G* basis set

Bond 57311 -
B1 -3.17109 -0.060653
B2 2.35910 0.002866

B3 -3.42375 0.000558

B4 3.373304 0.059262

B5 4.717122 0.004926

B6 -1.015090 -49.772760
B7 -1.834480 -49.764520
B8 -14.12450 -3.667396
B9 4.195742 3.617087

B10 7.009133 -0.014929
B11 -19.3065 -3.677695
B12 24.16524 3.770773

B13 -21.1534 -3.716544
B14 4.811353 13.631777
B15 0.973464 13.629650
B16 7.262308 13.631050
B17 16.36334 17.319302
B18 -2.94491 13.589478
B19 -3.08143 13.592965
B20 -15.3358 13.594092
B21 -15.3626 13.592367
B22 19.32565 17.323750

Table3. Electric potential in different
bonds of Drug at HF /6-31G* basis set

Bond av = % AV* = %
B1 0.001166 0.000875
B2 0.000316 0.001345
B3 0.000573 0.000448
B4 0.000113 0.001242
B5 0.000281 0.000985
B6 0.0000355 0.00093
B7 0.000393 0.001988
B8 0.0000133 0.00036
B9 0.0004 0.000573
B10 0.000122 0.000562
B11 0.00028 0.000147
B12 0.000493 0.001014
B13 0.000194 0.001558
B14 0.001013 0.002267
B15 0.000012 0.005042

B16 0.0000727 0.000125
B17 0.000387 0.001749
B18 0.00015 0.000981
B19 0.000356 0.002451
B20 0.000337 0.000761
B21 0.000354 0.00086
B22 0.0000865 0.000735
B23 0.000517 0.00183
B24 0.000236 0.001158
B25 0.000111 0.000573
B26 0.00000255 0.002429
B27 0.00000153 0.000011
B28 0.000155 0.0000294
B29 0.001274 0.024181
B30 0.000372 0.000257
B31 0.000396 1.828683
B32 0.003229 1.82858
B33 0.000443 0.133486
B34 0.000142 0.000312
B35 0.001187 0.00075
B36 0.003694 0.136301
B37 0.004149 0.1388
B38 0.001817 0.136228
B39 0.00189 0.501106
B40 0.002061 0.503072
B41 0.002104 0.501907
B42 0.002287 0.505024
B43 0.002281 0.505524
B44 0.002281 0.502756
B45 0.002243 0.502106
B46 0.002124 0.504531
B47 0.001109 0.500577
B48 0.001077 0.500467
B49 0.001113 0.500544
B50 0.003398 0.635629
B51 0.0008 0.498817
B52 0.000872 0.498151
B53 0.000747 0.498795
B54 0.002935 0.640068
B55 0.00116 0.504267

The NAOs will normally resemble the pure atomic
orbitals and may be divided into a natural minimal
basis, corresponding to the occupied atomic
orbitals for the isolated atom and a remaining set of
natural Rydberg orbitals based on the magnitude
of the occupation numbers. The minimal set of NAOs
will normally be strongly occupied, while the
Rydberg NAO usually will be weakly occupied.
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Table 5: HOMO, LUMO and HOMO- LUMO Gap energy for Drug andDrug-SWCNT system

Parameter HOMO energy(eV) LUMO energy(eV) HOMO-LUMO-=Gap energy(eV)
Drug -0.32028 0.11571 0.20457
Drug-SWCNT -0.22175 -0.16610 0.05565
Table 6: Binding energies for - Drug to SWCNT at the HF/6-31G* level
Parameter energy(J/mol) Enthalpies(J/mol) Free Gibbs Energies(J/mol)
Drug -1428.890237 -1428.889293 -1428.937863
Drug-SWCNT -2349.149574 -2349.148630 -2349.211260

There are as many NAOs as the size of the atomic
basis set and the number of Rydberg NAOs thus
increases as the basis set is enlarged.

Natural orbitals are used in computational
chemistry to calculate the distribution of electron
density on atoms and in bonds between atoms.
NBOs include the highest possible percentage of
the electron density, ideally close to 2.000 [20-22].
This is carried out by considering all possible
interactions between filled donor and empty
acceptor NBOs and estimating their energetic
importance by second-order perturbation theory. For
each donor NBO (i) and acceptor NBO (j), the
stabilization energy E 2 associated with electron
delocalization between donor and acceptor is
estimated as:

2
i

2 _ —_—7
E"=—az55m

(2)

Where g is the orbital occupancy, ¢, g are
diagonal elements and F, | is the off-diagonal NBO
Fock matrix element?'.

The aim of the present work is to investigate
the nature of bonding in ClonidineDrug- SWCNT
using natural bond orbital (NBO) analysis. We have
shown that the results from NBO calculations can
provide the detailed insight into the electronic
structure of molecule. The results of NBO analysis
at HF/6-31G* level of theory are listed in Table2.

These tables summarize the second-order
perturbative estimates of ‘donor- acceptor’

interactions. This analysis is carried out by
examining all possible interactions between filled’
(donor) Lewis-type NBOs and ‘empty’ (acceptor)
non-Lewis NBOs, and estimating their energetic
importance by 2nd-order perturbation theory. Since
these interactions lead to loss of occupancy from
the localized NBOs of the idealized Lewis structure
into the empty non-Lewis orbitals (and thus, to
departures from the idealized Lewis structure
description), they are referred to as ‘delocalization’
corrections to the zeroth-order natural Lewis
structure. For each donor NBO (i) and acceptor NBO
(j), the stabilization energy E 2 associated with
delocalization (“2e-stabilization”) is estimated.

According to Table2, it is obvious that one
o bond in Drug-SWCNT system has maximum
Occupancy value in N37-C38.

Also, F o E2and E G)-E mdefine Correlation
Energy and Coefficients Hybrids is one of the other
parameters that are checked in this work.Also,
strongest interaction in these compounds are
identified for the interaction of BD (1) C16-H56 —
BD’ (1) N39-H 55 in Drug-SWCNT system.

Electromagnetic Hyperfine Parameters

In this section, the major pointis embedded
in the investigation of the electrostatic interaction of
Clonidine Drugwith the open end of a SWCNT in
gas phase by the HF/6-31g*method. Length bonds,
total atomic charges, Electric Potential in different
bonds of Drug and Drug-SWCNT system are
reported in Tables3, 4. Also, graphs of calculated
electric potential in different bonds of Drug and
Drug-SWCNTsystem in Figs. 3, 4.The calculations
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were performed in two methods and different
electrostatic properties.

HOMO, LUMO and HOMO- LUMO Gap energy

Table 5 shows the values of HOMO, LUMO,
HOMO-LUMO Gap energyfor Drug and Drug-
SWCNTsystem using HF with 6-31G* basis set.
Table 5 demonstrates that From HOMO-LUMO Gap
energy calculation, it can be seen that HOMO-
LUMO Gap energy of decrease in the order:
Clonidine  Drug>Clonidine  Drug-SWCNT
systemand by decreasing of HOMO- LUMO Gap
energy, would bemore stablecompound. So,
Clonidine Drug beside SWCNT can act better as
an electron donor and probably all of its biochemical
and molecular functions can be accounted for by
this function?'-24,

Calculation of Binding Energies for Clonidine-
Drugto SWCNT

Binding parameters such as binding
energy, Enthalpy, Free Gibbs energy and Entropy
are calculated for Clonidine- Drug andClonidine-
Drug to SWCNT.The results are shown in table 6.
According to the frequency calculation at the HF/6-
31G* level of theory, connection of SWCNT to
Clonidine- Drug is a weak connection. Also, results
in Table 6 indicate that energy (AE) and enthalpies
(AH) values as well as free Gibbs energies (AG)
obtained are negative, signifying that such
interaction is favorable thermodynamically.

Energy paramters

In current study computations were done
in sophisticated and appropriate molecular
modeling environment of Hyper-Chem which is well
known for its quality and flexibility?>?. It is known

tesdangen ditmdralangln

2 = 2

o

se = ) s

a) E ©@'js the sum of bonded and non-bonded
interactions

b) E bondis stretching bond energy between two
atoms

c) Ea9e s energy of bending an angle

d) E torsn js torsion energy of rotation around a
bond

e) Eelectrostatic gnd E van der Waals gre two energies

which are exponent distribution, and
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that atoms are held together by forces. Function of
biological systems arises from interaction of resilient
bonds between atoms and electron motion. The
main purpose is to seek for the lowest energy, in
which the molecule is in its most stable state®” 2. In
this study AMBER, MM*and OPLS force fields were
chosen. The total Potential Energy is the sum of
mentioned contribution interactions based on the
force fields.

Therefore, force fields are a series of
functional energy parameters that evaluate
performance and calculate the Potential Energy of
molecule in various positions of its constituent
atoms and bonds®.

MM+ is a proper parameter for attaining
vibration motion of atoms, related bond stretching
potential, and angles bending. AMBER force field
has extensive application for proteins and nucleic
acids. It assigns all conformational energies and
treats with hydrogen bond energy, and torsion term*°.
Like AMBER, OPLS is designed for computation of
proteins and nucleic acids. In this force field bonded
potentials are similar to AMBER and its non-bonded
potentials involve vander Waals and electrostatics.
Similar to AMBER and OPLS it has been designed
to study macromolecules.

Clonidine Drug to Carbon Nanotube was
simulated in mentioned force fields in 5 different
temperatures (308K, 310K, 312K, 314K and 316K).
To elucidate the effect of Clonidine Drug to
Nanotube energy on molecular mechanic
calculation, the most usual expression for total
potential energy is given by the following equation:

WSS TR EE FETETRET

e s Y preems g Y g

repulsion or attraction between non-bonded
atoms, respectively.

The other two calculated energy quantities
are kinetic and total energy values. In symbols the
total energy equals:

E .(4)

total potential + Kinetic
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Fig. 1: Optimized geometries of a)Clonidine, b) Clonidine-Drug-SWCNT obtained at HF/6-31g level
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of Drug binding to SWCNT in gas phases at the HF/6-31G* basis set

100 ——{aV) e AV

[}
¥

Electric
Jrotential
(a1

-100

Fig. 3: The graph of calculated electric potential in different bonds of Drug at the HF/6-31G* basis set
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Fig. 7: The graph of ClonidineDrug-SWCNTTotal Energy a)MM+, b) OPLS, ¢) AMBER in Monte Carlo method
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Table 9: Computed Drug-SWCNTTotal energy(kcal/ mol), belong to
AMBER, MM*and OPLS force fields in five different temperatures

Method Total Energy ( kcal/ mol)

308K 310K 312K 314K 316K
MM+ 566.1 601.7 582.7 602.6 578.3
OPLS 636.92 636.90 649.5 642.9 637.6
AMBER 658 648.7 673.4 642.5 655.6

From a statistical point of view, the obtained
valuable data for three basis sets of thermodynamic
parameters (E . .o E i E 1oy @Nalyzed under
the different simulation procedure, various
temperatures values every 10 (PS) span are listed

in tables7, 8 and 9.

According to results observed in table 7,
amount of minimum potential energy calculated by
MM+ force filed have been reported. Minimum
potential energy level in normal body temperature
(310K) was 316.2 for MM+force filed.
Also,comparisons of potential energy levels in
different temperatures are displayed in Figs. 5a-c.
It is known that to have optimum function in biologic
system, the energy levels must be in the minimum
level. According to results observed in Table 8and
Fig.6, for kinetic energy in different time steps and
various force fields were constant and the maximum
and minimum quantity observed in 310K,
285.5Kcal/mol and in 308K, 123.7 Kcal/mol,
respectively.

Also, data analysis of table 4 exhibited that
total energy quantities were affected by increasing
temperature that energy increase leads to
molecular instability. According to results observed
in Table 9and Fig.7 maximum quantity total energy
in different temperature was 312K, 673.4Kcal/mol
in amber method.

CONCLUSION

1. Nuclear magnetic resonance (NMR)
chemical shielding tensors in the
methodsframework makes it possible- to
study the chemical shift of Carbon
Nanotubes. Chemical shift anisotropy
asymmetry (), isotropy (c . ), anisotropy (c

aniso) @nd chemical shift tensor (3) are
observed for the atoms ofClonidineDrug-
SWCNT. Our obtained results yielded strong
evidence that intermolecular interaction
effects such as electron transfer interactions
play very important role in determining NMR
chemical shielding tensors of the atoms are
characterized in Drug-SWCNT and some
systematic trends appeared from the analysis
of the calculated values. The calculated
parameters reveal that CI57 and H83 atoms
have the largest and smallest 5, . constants
among the other nuclei, respectively. The
CI57 has the largest but N62has the smallest
chemical shift- (d) constants among the other
atoms, respectively. Also, the diagrams
consist of -6, - o, .. and h showall shielding
values but d show more negative shielding
values at the HFin 6-31G* basis set.

In Natural Bond Orbital (NBO) analysis,
orbital occupancy, F .y E2and E (n'E (i)define
Correlation Energy and Coefficients Hybrids
is one of the other parameters that are
checked in this work. According to Table2 it
is obvious that one o bond in Drug-SWCNT
system has maximum Occupancy value in
N37-C38. Also, strongest interaction in these
compounds are identified for the interaction
of BD (1) C16-H56 — BD" (1) N39-H55 in
Drug-SWCNT system.On the basis of the
constant values of the coefficients of a linear
combination of s and p orbitals of different
bonds were between0.6 and 0.7, a specific
voltage difference could be expected.lt is
observed that the percent of s and p orbitals
for different bonds in Drug-SWCNT system
at all coordination refers to sp? hybridization
for some atoms, which is in agreement with
the intrinsic sp? hybridization of atoms.
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In addition, electric potential in different bonds
of some atoms - Drug and Drug-
SWCNTsystem are investigated. The
calculations are performed in two different
methods and these are shown in Table 3, 4
and Figs. 3, 4.

We analyze the electronic structure and
charge Mullikan population for the
energetically most favorable complexes.
Binding parameters and binding energies,
HOMO, LUMO, Gap energy, AE, AH and
enthalpies "G are calculated. The obtained
large negative values of the AG confirmed
the structural stability of Drug-SWCNT system
in gas phase (results indicate that AE and "H
values as well as AG obtained are negative,
signifying that such interaction is favorable
thermodynamically). From HOMO-LUMO
Gap calculation, it can be seen that HOMO-
LUMO Gap energy of decrease in the order:
Clonidine Drug> Clonidine Drug-
SWCNTsystemand by decreasing of HOMO-
LUMO Gap energy, would bemore
stablecompound. So, Clonidine Drug beside
SWCNT can act better as an electron donor
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