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ABSTRACT

In this work, the B23N23 nano-cone has been investigated using the DFT exchange-correlation
functional of theory by electron paramagnetic resonance of EPR2 and EPR3 basis sets. The results of

ab initio and QM/MM calculations of NMR chemical shift values of .

Ao, 5 and n- parameters

iso’ Ganiso’

of with GIAO and CSGT approximations of B23N23 have been obtained. The relative energies have
been compared between EPR2 and EPR3methods. Also, Atoms charge transfers have considered to
full alternation B and N atoms in B23N23 nano-cone. The stability of B23N23 was confirmed in a
theoretical work based on a combination of density functional theory and the temperature effect on
stability have been studied. The results, obtained of EPR2 andEPR3 levels with both of approximation

were excellent in agreement.
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INTRODUCTION

The carbon nanotube (CNT) is a
representative nano-material. CNT is a cylindrically
shaped carbon material with a nano-metric-level
diameter'2,

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
graphite®20,

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-
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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°2°,

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®"
30

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®?5. 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®“s.
SWCNTs have considered as the leading candidate
for nano-device applications 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®-.

boron nitride nanotube (BNNTs) have
attracted much interests due to their large gap semi
conducting character*'-%.Boron nitride (BN) is a
structural existing in cubic (diamond-like),
hexagonal (graphite-like), turbo static, and
amorphous forms .these compounds have been
produced by a variety of methods, such as arc
melting®%-%°, high temperature chemical reaction**
80 carbon nanotube templates®®%® and laser
ablating®?%* The most attention has been focused
on the development of new methods for the
production of nanotube and inorganic fullerene of
other materials. Recently. Lauded and Y. Matsui
showed that a non-ablative laser heating method
could produce very long BN nanotube assembled
in bundles.
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In addition, theoretical calculations have
been described the possible existence of small BN
clusters. Jensen and Toftlund®®7° performed ab initio
calculations for B12N12 clusters in different
geometries. Based on density functional
calculations it has also been proposed that other
nanotube could be synthesized®-7.

Theoretical studies have been performed
for fullerene-like B12N12 clusters®°, in which it
has been found that a structure built from squares
and hexagons is more stable than those built from
pentagons and hexagons. This is because in the
second case less stable B-B and N-N bonds are
formed.

The most stable B12N12 structure is built
from six squares and eight hexagons’®-°°.

In this work, we focused on B23N23 nano-
con. Our aim was to obtain the global minimum
energy structure. For this structure, we use the hybrid
B3LYP exchange-correlation functional within
density functional theory. Primary, structure
optimization calculated and then Nuclear Magnetic
Resonance (NMR) parameters by density
Functional Theory (DFT) method calculated on the
optimized structure. Isotropic chemical shielding,
anisotropic chemical shielding parameters at all of
the atoms nuclei are presented in Table 1. And also,
Thermodynamic Properties have been considered
in Table 2

DFT calculations of B23N23

B23N23 clusters have been studied using
the hybrid B3LYP density functional and (EPR and
EPR2) methods. All Density Functional Theory (DFT)
quantum calculations were performed using
Gaussian 98 program package on structure of
boron-nitride nano-cone.

The structure first optimized with Becke3,
Lee-Yang-Parr (B3LYP) method and EPRandEPR2
basis sets including QM/MM calculations.

Nuclear Magnetic Resonance (NMR)
parameters at all of the nuclei optimized structure
calculated by B3LYP method and EPR2andEPR3
basis sets. The results are listed in table1-4 and
Figures1-5.
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The energy differences have been
compared with those obtained within EPR2 and
EPRS3. The NMR of paramagnetic compounds
(compounds possessing unpaired electron) play
an important role in different application of chemistry
and biochemistry. The stability ofB23N23 was
confirmed in a theoretical work based on a density
functional calculation. Geometry optimizations and
energy calculations on the boron nitrides B23N23
was carried out using the B3LYP method. The major
result is that boron nitride cages are more stable
than rings if at least two of the six four- member
rings are isolated by hexagons.

NMR

The NMR chemical shift d is a parameter
that use for recognizing magnetically in equivalent
nuclei in a molecule. The use of density functional
theory (DFT) to nuclear magnetic resonance (NMR)
and electron spin resonance (ESR) spectroscopes
is a new and notable subject. Today NMR methods
are powerful tools in chemistry and biochemistry
because of the NMR chemical shifts. In liquid, or
gas, the molecules are freely tumbling so one does
comprehend an average chemical shift (isotropic
chemical shift). The quantity in quantum mechanics
is depended to the NMR chemical shift. The
shielding is determined as the mixed second
derivative of the energy with consideration to
magnetic moment of the nucleus and the strength
of the used magnetic field. It is solved through the
second-order perturbation theory with the Zee man
Hamiltonian.
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The first order contribution is called
diamagnetic while the second order (which requires
knowledge of excited electronic states) is termed
paramagnetic. The calculation methods employed
are the ab-initio (from first principles) Hartee-Fock
or density functional calculations. The first method
solves the electronic Schrodinger equation in the
absence of any magnetic field. The density
functional method was allowed to change with the
applied of a magnetic moment and a static external
magnetic field. The zero order and first order density
matrices are used to obtain the diamagnetic and
paramagnetic terms, respectively. The integrity of
these calculations depends on the level of theory
used, the basis set employed and the structure of
molecule. Gaussian basis sets are employed as
the basis functions to match the electronic orbital in
a molecule.

For use, the ab-initio packages it is
necessary that the molecular geometry be defined.

This work presented the results of B and
N NMR investigations on the B23N23nanocone
obtained via Density functional theory.

RESULTS

On the basis of the WU Haishun et al
studies into (BN)n cages, it is found that among
several isomers of these structures the isomers
without direct B —B and N —N bonding are more
stable. Then, in this work, we have investigated on
B23N23 nano-cone.

Table 1: NMR Parameters of B23N23 for 5 atoms of Nitrogen and 5 atoms of Boron with two level of theory

EPR2 EPR3

atom GISO cANISO AO' 8 n GISO cANISO AO' 8 n

B4 161.42 85.2 -90.79 -60.5 0.87 151.4 90.8 -925 -61.7 0.9
N30 84.5 153.2 153.21 102.1 0.078 75.3 166.8 166.8 111.2 0.06
B3 30.4 333.5 333.5 222.3 0.0589 11.9 351.63 351.6 234.4 0.03
N25 82.30 308.1 308.17 205.4 0.562 66.1 321.7 321.7 2145 0.47
B13 82.3 308.1 308.1 205.4 0.562 66.17 321.7 321.7 2145 0.48
N39 161.4 85.1 -90.78 -60.5 0.8 151.4 90.8 -955 -646 0.9
B21 76.5 49.9 -54.7 -36.5 0.8 67.9 56.9 -63.0 -42.0 0.8
N43 83.7 120.0 120.0 80.02 0.6 63.4 128.8 1288 859 0.73
B22 -28.8 196.5 -2759 -183.9 0.42 -27.8 194.3 -246.96 -164.6 0.66
N45 71.9 57.8 -67.9 -45.2 0.70 63.7 61.6 -72.9 -48.6 0.6
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Table 2: Optimized structure parameters of
B23N23. For top and down side of Nano-cone
bond-angle EPR2 EPR3 bond -length EPR2 EPR3
N46-B23-N45 117.21 117.3 B4-N30 1.2 1.15
N29-B3-N25 116.98 117.0. B13-N39 1.41 1.35
B22-N45-B23 117.35 117.500 B3-N35 1.39 1.36
B4-N26-B5 121.50 121.2 B21-N43 1.38 1.35
Table 3: Thermochemistry data The agreement between the calculated
for Gibbs energy and enthalpies values Atom charge transfers for EPR2 and EPR3
levels with GIAO and CSGT approximations were
EPR2 EPR3 remarkably good.
T(K) AG(kcal/maol) AG(kcal/mol)
NMR results
294 0 0 The GIAO and CSGT approximations of
296 -0.21 -0.22 NMR calculations for Structural study of the B23N23
298 -0.42 -0.43 cluster to obtain nuclei Magnetic Resonance
300 -0.65 -0.67 Parameters via Density Functional Theory method
302 -0.81 -0.83 were performed at the EPR2 and EPRS levels and
304 -0.95 -0.99 reported in Table1.the CSGT results have confirm
AH(kcal/mol') AH(kcal/mol)  the GIAO results. The agreement between the
294 0 0 observed and calculated values of the shielding
296 0.09 0.09 anisotropies and asymmetries for both EPR2 and
298 0.21 0.22 EPR3 were remarkably good.
300 0.29 0.29
302 0.39 0.39 The results of ab initio calculations of NMR
304 0.49 0.49

The B-N bond length at the peak of nano-
cone is short to compare to another bonds too in
this optimized structure, atomic charges are notable.
The charge distribution values of are in agreement
with structure coordinate.

Atom charge transfers have considered to
full alternation B and N atoms in B23N23 nano-
cone. At direct interactions between indicated atoms
in EPRS3 level have shown that the charges of atoms
at ring had the most charge distribution with GIAO
and CSGT approximates.

In addition, Atom charge transfers in
nitrogen atoms had the same behavior as it
performed in tables. This is notable that the atom
charge transfer values in top at nano-cone had the
close behavior in EPR2 and EPRS levels.

chemical shift values of 6, 5, .., Ac, 3 and n-
parameters of with GIAO and CSGT approximations
of B23N23 have been obtained and results have
given by tablet.

Calculated isotropic chemical shielding
parameters of nitrogen Nuclei have almost similar
behaviors and these atoms have maximum values
to compare to another atom. In table 1, we have
reported the NMR parameters of in EPR2 level and
in EPRS3 level and also these parameters with CSGT
and GIAO approximation are calculated. The same
process has been seen in CSGT approximation too.
Calculated anisotropic shielding in nitrogen has the
same behavior as it performed in table1

It has been shown that the behavior of
chemical shift tensor components (isotropic and
anisotropic) have depended on the Geometry
coordinates of BN nanotube.By given data, we will
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Table 4: The diagonal elements are the sum of corresponding row elements Mulliken bond order matrix

1 2 3 4 5
1 1.81981537 -0.06694936 0.00121123 0.00004207 -0.06665488
2 -0.06694936 1.91200331 -0.06487913 0.00000003 0.00001287
3 0.00121123 -0.06487913 1.58274924 0.00000000 0.00000337
4 0.00004207 0.00000003 0.00000000 1.95447741 -0.05051190
5 -0.06665488 0.00001287 0.00000337 -0.05051190 1.71119373
6 7 8 9 10
6 -0.04962142 -0.00009760 0.00017808 0.00012890 -0.06624748
7 -0.06510418 -0.06400943 -0.04696122 0.00000090 0.00007086
8 0.00022173 -0.00151502 -0.02522389 0.00000000 0.00000375
9 0.00003142 0.00000088 0.00000001 -0.05619024 -0.06823134
10 -0.00121458 0.00000252 0.00000013 -0.05051190 -0.04415468
11 12 13 14 15
11 1.81981537 -0.06510418 0.00121123 -0.00138446 -0.06100965
12 -0.06510418 1.83299950 -0.04696122 0.00002450 -0.00005600
13 0.00121123 -0.04696122 1.58274924 -0.00000007 0.00000536
14 -0.00138446 0.00002450 -0.00000007 1.78132197 -0.05101726
15 -0.06100965 -0.00005600 0.00000536 -0.05101726 1.78132197
16 17 18 19 20
16 -0.06087757 -0.00224289 0.00006269 -0.00136424 -0.06758153
17 -0.06694936 -0.06400943 -0.06487913 0.00000444 -0.00006233
18 0.00015848 0.00004436 -0.00000061 -0.06758153 -0.00136424
19 -0.00359868 0.00006229 0.00000117 -0.06925424 -0.06925424
20 -0.00000320 0.00001945 0.00000336 0.00003111 -0.00003064
21 22 23 24 25
21 0.00000544 0.00000333 0.00000937 0.00000008 0.00000000
22 0.00000544 -0.00004962 0.00000937 0.00000008 -0.00000003
23 -0.00000095 0.00001945 -0.00000042 0.00000087 0.00000018
24 -0.03414025 0.78789516 -0.00080799 0.00000440 -0.00002473
25 -0.00003615 -0.03664212 -0.00303809 0.00000000 -0.00000000
26 27 28 29 30
26 -0.02632326 -0.00002370 -0.00000001 -0.05376705 0.69652041
27 0.76580841 -0.02960282 -0.00003909 -0.00416905 -0.04129322
28 0.77784111 0.77226091 -0.03842573 0.00000845 0.00063358
29 0.00022641 0.72900503 0.83895375 0.00000000 -0.00000010
30 -0.00013587 -0.00000003 -0.00000000 0.59415467 -0.05434021
31 32 33 34 35
31 -0.00430966 -0.00000409 -0.00000001 0.70760248 0.80802830
32 0.76580841 0.00062416 -0.00003909 -0.00416905 0.76218702
33 -0.03414025 -0.00297299 -0.00080799 0.00000440 0.00082141
34 0.00022641 -0.03306726 0.83895375 0.00000000 0.00000194
35 -0.00430966 -0.00003206 -0.00000001 0.70760248 -0.06869552
36 37 38 39 40
36 0.00066316 0.00000236 -0.00000003 -0.02482059 -0.00403887
37 -0.00650259 0.00004714 -0.00000145 0.00118109 -0.03070260
38 -0.00002536 0.00000670 0.00002968 0.00000006 -0.00002011
39 -0.00003615 -0.00002477 -0.00303809 0.00000000 -0.00000021
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40

41
42
43
44
45

46
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-0.00650259
41
0.00000637
0.00000637
-0.00000004
-0.00002536
-0.00000004

-0.00000001

-0.00117557
42
0.00006459
-0.00000187
-0.00000002
-0.00163848
-0.00000001

-0.00000006

-0.00000145 0.00118109 -0.00002055
43 44 45

-0.00000009 -0.00001957 -0.00000225
-0.00000009 -0.00001957 -0.00002661
-0.00000004 -0.00000000 -0.00000001
0.00002968 0.00000006 -0.00000014
-0.00000004 -0.00000000 -0.00000000

46
0.00000001 -0.00000001 -0.00000000

be able to obtain deeper insight of induced effects
of bonding by comparing the calculations.
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Fig. 1: Optimized Structures
of B23N23 nano-cone
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Thermodynamic Properties

According to the thermochemical calculations at the
B3LYP/EPR2 and B3LYP/EPRS3 levels of theory,
obtaining thermochemical functions such as AH, AS
and AG.

Fig. 2: Contour map of electron density
with horizontal projection for B23N23
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Fig. 3: Density of state DOS for B23N23
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Fig.4: The B4and N30 are in the top and
B21-N43,B22-N45, B3-N25and B13-N39
are located in the other side

Also, in this work the changes of Gibbs free energy
and Enthalpy via temperature have considered and
have shown that with increasing of temperature ,the
system has been stabilized according to the (Eq.1)
as follows .AG= AH —T AS : Eq.1.Gibbs equation

CONCLUSIONS

The hybrid B3LYP density functional and
(EPR2 and EPR3) methods has been used to
characterize the geometry of a B23N23nanocone.
Optimized structures, relative stability, nuclear
dipole moment and NMR parameters of system
including total atomic charges, shielding isotropies,
shielding anisotropies chemical shift and asymmetry
of considered system have been compared and
results have been in good agreement with the
experimental data.
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