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ABSTRACT

Nowadays, the use of nanotube is widely spread in the field of drug delivery. In this work,
bind between SWCNT (6, 6) with 5-fluorouracil were investigated using DFT in the gas phase at
298.15K and 1atm. Density function theory parameters were carried out with Gaussian 98 by
M062X/6-31G** standard basis set. The NBO analysis and electronic properties have calculated
from composites A, B, and C. The calculated magnetic shielding tensor (σiso and σ  aniso, ppm) studied
for C, H, N, F and O nuclei in the active site of for composites A, B, and C. The results are shown
composite C more stable than others.
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INTRODUCTION

5-Fluorouracil was called 5-fu in 1957.
5-Fu used from us food and drug administration for
cancer chemotherapy as an antitumor,
anti-metabolic agent. 5-Fu used to treat different
cancer, including breast, bowel, skin, stomach,
gullet, and pancreatic cancer. The common chemical
synthesis of 5- fu were reported by Heidelberger
and Duschinsky et al in 19971,3. Nanotechnology is
based on the use of phenomena on a nanometer
in at field such as nanoparticle, nanotube, nano
composite, nano fibers, mesoporous silica,
graphene, fluorourene, liposome, β − yclodextrines,
calixarenes, and polymers in the pharmaceutical
industry at 10-9 m scale4-6. The ability to use

nanotechnology to alter the characteristic of a drug
to increase solubility, decrease degradation during
site of action promises to increase efficacy with
decreasing unwanted side effects. The recent years
of used various nanostructures like nanotube
(SWCNT and MWCNT) such as drug delivery
systems. Carbon nanotubes have been studied one
dimensional nanostructure, including carbon and
hydrogen atoms with sp2  hybrid in hexagonal lattice
structure7,0. Carbon nanotubes are synthesis arc
discharge method, laser ablation and thermal
chemical vapor deposition (CVD) method,
respectively11,12. Nanotubes are two types of : single-
walled carbon nanotube (SWCNT) and multi-walled
carbon nanotube (MWCNT), respectively. The
structure of SWCNT inclusion, armchair (m=n),
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zigzag (n≠0, m=0), chiral (m≠0, and m≠n),
respectively13-14. An important application of
nanotubes was studied in fields such as electronic,
mechanical, thermal, catalyst support too many
biological, emission, chemical sensor, drug
delivery15-16. A simplified 3D model of armchair (6,
6) SWCNT of about 6Å in length with a diameter of
about 6Å (84 atoms) was built with the nanotube
modeler package17. In the paper, we were studied
SWCNT (6, 6) type of armchair and 5-F as a new
drug carrier system.

Computational method
All calculation was carried out using

Gussian 9818 and Nanotube Modeler package.
The geometry of the composite A, composite B,
composite C, 5-fu and SWCN6,6 were carried
out M062X method19 with 6-31G** basis set
of  theor y20. The f i rs t  opt imiz ing both the
isolated 5-fu and SWCNT (6,6), and then we
optimized 5-fu connect to SWCNT at three
sites A, B, C that they showed in Fig. 1. The
after geometry optimization also we allowed
to calculate the vibrational frequencies and
nuclear magnets spectra, NBO analysis for
composite A, composite B, composite C, 5-fu,
and SWCNT(6,6) compounds, respectively. In
the next  step,  we invest igated hardness,
softness, Dipole moment (Debby), Ionization
energy, electron affinity, potential chemistry,
e lect rophi l ic,  e lect ronegat iv i ty,  maximum
amount of electronic charge and gap energy
using the M062X method, and 6-31G** basis
set standard at 298.15 k for 5-fu, composite A,
composite B, and composite C, respectively.

RESULT AND DISCUSSION

DFT method has been widespread used
in the studies of organic, inorganic material and
super molecular, nanomaterial, and interaction drug
with DNA, RNA, acid amine, calixarenes, nanotube,
fullerene, graphene, and other molecular at many
years ago21-23. The QM/MM total energy was
calculated such as the sum of the DFT energy, the
MM energy, and the DFT/MM interaction energy.

Etotal= E DFT+EMM+EDFT/MM        (1)

E MM, E DFT, and E DFT/MM were discussed for
the MM, QM, and MM/QM subsystems, respectively.
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 environment of
molecules24-25. Ab initio calculation of nuclear
magnetic shielding has become an aid in the
analysis of molecular structure and accurate
assignment of NMR spectra of compounds26-28. So,
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 field29.
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 B0

30-33
.

5-fu SWCNR(6.6) Composite A Composite B Composite C

Fig.1.Optimized structures of the 5-fu, SWCNT, Composites A, B, and C.

             



2284 SHADMANI., Orient. J. Chem.,  Vol. 33(5), 2282-2291 (2017)

Nuclear Magnetic Resonance Parameters
In the present study, total dipole moments

of 5-fu interaction with SWCNT in gas phase have
been explored and NMR computations were done
by Gaussian 98 suite of programs. The calculated
magnetic shielding tensor (σ iso and σaniso ,ppm)
calculated  for C, H, N, F and O nuclei in the active
site of  5-fu and for carbon atoms of the open end of
a SWCNT system in the gas phase are presented
for composites A, B and C at Table 1, 2 and 3 . As
was expected, the NMR shielding tensors of H, C,
N, F and O 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, F and O NMR chemical shielding
tensors. Some systematic trends appeared from the
analysis of the calculated values. Isotropic and
anisotropic chemical shielding is one of the other
parameters that were checked in this work. The
results of investigating chemical shift tensor indicate
that 84F, 3C, and 3C have been shown to be the
largest value of  σ is in system as drug interacted
with SWCNT and our knowledge about drug
interacted to SWCNT has been specified that 9 oC,
94O and 85 oC  show the largest intermolecular effects
on  ( σaniso) component. These results are shown in tables
1, 2, and 3 for composites A, B, and C, respectively.

Natural Bond Orbital analysis (NBO)
We investigated the parameters, such as

donor, acceptor, type bond, hyper conjugations
energy (E2) and occupancy by DFT at M062X and
6-31G** standard basis set and are shown at Table
4. In the 5-FU, charge transfer was done at Lp(1)
N1 to π* C2-O9 with maximum hyper conjugations
energy approximate 59.29ev, hybrid sp1.00, and
occupancy 1.64887, respectively. In the composite
A, charge transfer was done at Lp(1) N88 to π* C85-
C86 with maximum hyper conjugations energy
approximate 38.02ev, hybrid sp99,99, and occupancy
1.63452, respectively. In the composite B, charge
transfer was done in Lp(1) N92 to π* C90-O94 with
maximum hyper conjugations energy approximate
46.49ev, hybrid sp99,99, and occupancy 1.63289,
respectively. In the composite C, charge transfer
was done at π* C84-C85 to π*C29-C30 with
maximum hyper conjugations energy approximate
17.59ev, hybrid sp99,99, and occupancy 0.23732,

respectively. These results are shown in table 6 for
composites A, B, and C, respectively.

Electronic properties
The quantum concepts such as chemical

potential (μ), hardness (h), dipole moment (D),
softness (s), ionization potential (I), electron affinity
(A), electrophilic (ω) electronegativity (χ), and the
maximum amount of electronic charge (ΔN max) was
obtained in this paper by Eq.2 to Eq.8.

The value of the dipole moment of 5-fu,
SWCNT, composites A, B, and C are obtained at
rank 3.9814, 0, 6.2014, 2.9639, and 3.1896,
respectively. In fact, the high dipole moment was
shown the high reactively of total compound. Dipole
moments are used as descriptive to depict the
charge movement across the molecule. The dipole
moment vector in a molecule was shown the centers
of positive and negative charge. The values of ÷, h
was obtained such as little electron transferred,
ΔNmax, transferred electron from 5-fu to ever
composites A, B, and C, respectively. A positive
value of ΔNmax shown the transfer charge from 5-fu
to composite A, B and C. Composites A, B, and C
acts as an electron acceptor, and 5-fu acts as an
electron donor. The values of ΔN max of 5-fu,
composites A, B, C are 1.5091, 3.7658, 3.5329,
and 3.5630, respectively. The values of h for 5-fu,
composites A, B, and C are 0.09937, 0.03468,
0.03470, and 0.033479, respectively. The value h
was reduced from 5-fu to composites A, B, and C
after formation complex. Therefore, 5-fu is hardness
structure, and composite B is softer than others.
The values of ÷ for 5-fu, composites A, B, and C are
0.14989, 0.13060, 0.12263, and 0.12397,
respectively. 5-fu is acceptor electron and
composites A, b, and C are donor electron. The
value of chemical  potent ial  was obtained

I= -� HOMO           

A= -� LUMO          

h= (I-A) /2            

μ= -χ = - (I+A) /2  

S=1/2h                  

ω=+ (μ2/2h)           

∆N max=- μ/h         

(2)

(3)

(4)

(5)

(7)

(6)

(8)
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-0.629, -0.548, -0.515, and -0.521 for 5-fu,
composites A, B, and C, respectively. The
negative value chemical potential was shown
the formation of complexes between 5-fu and
SWCNT at three sites A, B, and C. These results
are shown in table 7 for 5-Fu, composites A, B,
and C, respect ively. The minimum energy
structure has maximum hardness and maximum
chemical potential, respectively. Therefore,
values of energy, hardness, and chemical
potential are -7413719.968 kJmol-1, 0.03479,
and -0.521 for composite C, respectively. The
values of energy, hardness, and chemical
potential are -1354536.019 kJmol-1, 0.0993,
and -0.629 for 5-fu, respectively. The value of
electrophilic was obtained 0.11311, 0.2459,
0.21662, and 0.22086 for 5-fu, composites A,
B,  and C. The composi te  A has h ighest
properties electrophilic then another. The value
of ionization potential was obtained 0.2492,
0.1653,  0.15734,  and 0.15877 for  5- fu ,
composites A, B, and C, respectively. The
highest ionizat ion potent ial  has 5-fu, and
between composi tes,  composi te  A. The
compounds have higher ionization potential
unstable then another. The compounds have a
more positive value of electron affinity than
another are often called on electron acceptor

and the less positive an electron donor. Electron
affinit ies have an important role at octet and
fil led valence shells. The values of electron
affinity for 5-fu, composites A, B, and C are
0.0506,  0 .09592,  0 .08792,  and 0 .08918.
The re fo re ,  compos i tes  A ,  B ,  and  C  a re
acceptor electron and 5-fu is donor electron,
respectively. In order to check the validity of
this description about the compound stability
of the different species in the 5-fu and 5-fu-
SWCNT (A,  B,  and C),  the HOMO-LUMO
frontier orbits were calculated. The band gap
can be descr ibed that compound stabi l i ty
a n d  s e m i - c o n d u c t i n g  p r o p e r t i e s ,
respectively. The compound with the highest
band gap, highest stabil ity, and lowest semi-
conducting was reported at 5-fu, A, B and C,
respectively. As a whole, the band gap for
5-fu, A, B and C compound were reported in
r a n g  0 . 1 9 8 7 5 2 ,  0 . 0 6 9 3 6 ,  0 . 0 6 9 4 2 ,  a n d
0.06959 (ev), respectively. The highest value
band gap was observed 0.06591 at site C,
which was shown at table1. Table7 and Fig.2
are  shown HOMO orb i ta l ,  LUMO orb i ta l ,
HOMO-LUMO band gap values, and orbits
schemes for 5-fu, SWCNT, composites A, B
and C, respectively. Therefore, the grater energy
gap belongs to the between composites for
composite C.

Fig.2. The calculated orbits of HOMO (upper) and LUMO (lowest) for composites A, B, and C, SWCNT
 (6, 6), and 5-fu, respectively.
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Table.1: Components of the magnetic shielding tensor (σσσσσiso and   aniso) calculated for composite A.

Atom  σ σ σ σ σisoσ σ σ σ σ   aniso σσσσσ11σσσσσ22σσσσσ 33 Atom iso    aniso 11       22    33

3C 75.94 -2.82 30.9

163.45 70.01 84F 351.75 308.05

160.63 112.04 327.1
9C 73.66 -13.3 420.09

184.73 62.87 85C 52.08 100.66
171.43 -103.74 58.67

10C 75.88 -9.86 -3.08
180.52 66.86 86C 64.13 131.94

170.66 -147.59 76.11
17C 75.04 -11.08 -15.65

182.3 64.97 87C 42.45 97.38
171.22 -142.53 75.12

23C 74.19 -11.92 -45.15

183.17 63.25 88N 112.75 166.1

171.25 -122.9 128.95
29C 74.4 -11.76 43.2

183.09 63.65 89H 23.96 20.29

171.33 7.5 23.81
30C 74.76 -11.14 27.79

182.29 64.3 90N 98.21 129.67
171.15 -91.24 126.54

37C 74.38 -11.79 38.43
183.18 63.54 91O -56.23 -371.56

171.39 722.75 -148.33

43C 74.67 -11.86 351.19
183.45 64.29 92C 52.07 94.61

171.59 -122.01 89

49C 75.23 -12.03 -27.4

182.02 67.75 93H 25.87 29.83

169.99 -8.44 26.38

50C 73.87 -13.55 21.39

184.19 64.53 94H 12.83 -180.72

170.64 -81.63

71H 24.18 18.73 300.87

12.17 22.93

σσσσσσσσσσ σσσσσ σσσσσ

σσσσσ

σσσσσ
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Table. 2: Components of the magnetic shielding tensor (σσσσσiso and    σσσσσaniso) calculated for composite B.

Atom σσσσσisoσσσσσ  aniso σσσσσ11σσσσσ  22σσσσσ 33 Atom  σσσσσiso σσσσσ aniso σσσσσ11 σσσσσ    22σσσσσ   33

3C 74.9 -12.21 -105.14 60.97
82.85 66.3 88C 49.03 93.37

170.63 -125.92 86.29
9C 74.8 -11.14 -32.55

182.39 64.3 89H 26.24 21.01
171.24 10.84 25.86

10C 74.65 -11.78 31.86
183.16 64.39 90C 41.94 93.68

171.37 -138.96 77.43
17C 74.7 -11.19 -45.27

182.38 64.09 85C 74.07 149.33
171.19 -155.6 79.14

23C 74.81 -10.72 -6.26
181.84 64.12 86N 141.01 178.37

171.11 -103.01 169.3
29C 74.8 -11.13 75.35

182.37 64.31 87C 52.62 101.02
171.24 -105.14 60.97

30C 74.58 -11.3 -4.11
182.44 63.9 88C 49.03 93.37

171.14 -125.92 86.29
49C 66.09 128.46 -32.55

-142.74 84.08 89H 26.24 21.01
-14.27 10.84 25.86

50C 71.3 -9.86 31.86
173.96 59.67 90C 41.94 93.68

164.09 -138.96 77.43
71H 23.88 18.65 -45.27

11.53 22.82 91F 348.74 304.42
30.18 109.53 327.83

84H 25.47 27.68 413.96
-4.66 25.72 92N 73.37 13.8

23.02 122.87 69.65
85C 74.07 149.33 136.67

-155.6 79.14 93O 18.4 -164.92
-6.26 -468.68 -83.6

86N 141.01 178.37 303.75
-103.01 169.3 94O -82.34 -435.7

75.35 789.91 -165.5
87C 52.62 101.02 354.19
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Table. 3: Components of the magnetic shielding tensor (σσσσσiso and σσσσσ  aniso) calculated for composite c.

Atom      σσσσσisoσσσσσaniso σσσσσ11 σσσσσ 22σσσσσ 33 Atom  σσσσσiso σσσσσ aniso σσσσσ11σσσσσ 22σσσσσ 33

3C 74.8 -10.91 71H 23.77 19.483
-182.02 64.21 -9.207 23.13

171.11 28.69
9C 74.85 -11.82 84C 78.52 14.78

-183.22 64.97 -145.69 60.31
171.4 160.47

10C 74.3 -11.71 85C 56.58 142.87
-182.92 63.42 174.36 58.37

171.21 -31.49
17C 73.97 -13.18 86C 37.22 96.84

-184.31 63.96 144.38 62.38
171.135 -47.54

23C 73.05 -13.52 87N 126.56 172.21
-181.55 64.63 119.06 154.33

168.03 53.15
29C 71.58 -9.88 88H 25.31 19.79

-181.46 53.05 0 23.18
171.58 32.96

30C 70.58 -0.56 89N 97.4 129.28
-156.29 56.58 92.5 126.15

155.73 36.78
37C 73.02 -14.71 90O -58.8 -351.55

-186.46 62.03 0 -152
171.75 -351.55

43C 73.95 -13.04 91C 52.7 97.28
-184.55 63.38 126.89 90.43

171.51 -29.61
49C 74.62 -11.32 92H 26.46 31.17

-182.45 64.07 10.18 27.22
171.13 20.99

50C 74.4 -11.7 93H 25.52 28.78
-182.86 63.75 6.95 25.97

171.16 21.83
57C 74.38 -11.33 94O 29.52 -131.61

-182.36 63.45171.03 -425.57 -73.78293.96
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  *

Table. 4: Parameters of NBO calculated from 5-fu, composites A, B, and C, respectively.

parameter Donor Type Acceptor Type Occupancy hybrid E 2 ΣΣΣΣΣE2

Composite A C57-N88 σ C2-C3  σ* 1.97914 sp2.85 1.92 65.19
C2-C57  σ* 1.37

C55-C57 σ* 0.85
C55-C60 σ* 1.18
C85-C86 σ* 1.83
C86-N88 σ 1.88
N88-C92   σ* 1.53
N90-C92   σ* 2.30

Lp(1)N88 σ C2-C57   σ* 1.63452 sp99.99 4.19
C3-C57    π* 5.41

C49-H88   σ* 0.51
C55-C57   σ* 4.20
C85-C86    π* 38.02

Composite B C49-N92 σ C48-C50   σ* 1.97813 sp2.85 1.93 78.94
C49-C50   σ* 1.42
C49-C56   σ* 0.76
C54-C56   σ* 1.17
N86-C88  σ* 2.59
C87-C90   σ* 1.90
C88-N92   σ* 1.56
C90-N92   σ* 1.29

C90-N92 σ C49-C50   σ* 0.82
C49-C50 π* 1.61
C49-N92  σ* 1.69

Lp(1)N92 σ C49-C50  σ * 1.63289 sp99.99 4.29
C49-C50 π* 3.76
C49-C56   σ* 4.31
C57-H70 π* 0.51
C90-O94 π* 46.49

C49-C50   σ* C49-C50  σ* 0.21272 sp99.99 1.02
C88-N92  σ* 0.98
C90-N92  σ* 0.84

Composite  C C30-C84 σ C27-C28  σ* 1.9631 sp2.14 1.48 37.86
C28-C30  σ* 1.7
C29-C30  σ* 3.12
C29-C36  σ* 2.51
C84-C85  σ* 3.55
C84-C86  σ* 1.82
C85-N87  σ* 3.76
C86-N89  σ* 1.81

C29-C30 π* C84-C86  σ* 0.21959 sp99.99 0.52
C84-C85 π* C29-C30  σ* 0.23732 sp99.99 17.59
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CONCLUSION

The NBO analysis, such as HOMO, LUMO,
E gap, were calculated for composites A, B, and
C, respectively. In the composite C, charge transfer was
done at π* C84-C85 to π*C29-C30 with maximum hyper
conjugations energy approximate 17.59ev, hybrid sp99,99,

Table. 5: Parameters of electronic properties calculated for 5-fu, composites A, B, and C,
respectively.

Parameter 5-fu Composite A Composite B Composite C

σ   HOMO -0.2493 -0.1653 -0.1573 -0.1587
σ  LUMO -0.0506 -0.0959 -0.0879 -0.08918
E gap 1.9 -0.02061 -0.06942 -0.06959
D 3.9814 6.2014 2.9639 3.1896
A +0.0506 +0.09592 +0.08792 +0.08918
I +0.2492 +0.1653 +0.15734 0.15877
h 0.0993 0.03468 0.03470 0.03479
S 101.3637 831.468 830.0242 825.9738
μ -0.629 -0.548 -0.515 -0.521
χ +0.14989 0.1306 +0.12263 +0.12397
ω 0.11311 0.2459 0.21662 0.22086
ΔN max 1.5091 3.7658 3.5329 3.5630

and occupancy 0.23732, respectively. The maximum
value of κ has been observed for 89H, 85C nuclei
at composites A, and B, 88H, and 90O at
composite C.
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