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ABSTRACT

Now a day study on boron nitrid nanotubes are in considerable attetion due to their unique properties
in different field of science. In this letter, after final optimization, thermodynamic properties analysis,
stabilities, electronic structure and nuclear magnetic resonance parameters including ¢ isotropic and ¢
anisotropic tensors and asymmetric parameters of >N and **B nuclei are calculated. NMR spectrum
of armchair boron nitrid nanotube (4, 4) with tube length of 5 nm consisting of equal numbers of 16
atoms of boron, 16 atoms of nitrogen and 16 atoms of hydrogen atoms by use of GIAO method are
computed by using Hartee-Fock and different levels of density functional theory methods including
B3LYP, BILYP, LSDA, B3PW91 and BVP86 with 6-31g(d) basis set by employing Gaussian 03
package of program. Our study has revealed that this nanosemiconductor can act as a sensor in for
different application, trace and also as the base of functionalizing in drug deliveries system.

Keywords: Boron-nitrid nanotube; Ab initio; DFT; Nuclear magnetic resonance; Thermodynamic

properties.

INTRODUCTION

Inorganic nanotubes like BN have recived
considerable attention due to their
unparalleled structure and properties [1, 2].
In comparison with CNTs, BNNTs are
more chemically and thermally stable and
their electronic behavior is completely
different from CNTs which caused BNTSs
to become more desirable for usage in
nano devices, manufacturing and also high
temperature environments [3, 4]. All BN
nanotubes have wide band gap
semiconductor properties about 5.5 eV [5-
7]. Geometry optimization, stabilities and
nuclear magnetic resonance parameters of
BN armchair nanotubes were carried out
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by ab initio and different levels of DFT
methods (B3LYP, BI1LYP, B3PW91,
BVP86 and LSDA) by using 6-31g (d)
basis sets implemented in Gaussian 03
program to perform its application as a
trace and the base of functionalizing in
drug deliveries system. The calculations
were done on armchair model of BN (4, 4)
nanotubes which consist of 16 atoms of B,
16 atoms of N and 16 atoms of hydrogen.
Geometric optimization of the nanotube
carried out by the B3LYP method and 6-
31G basis set. The energy gap and the
thermodynamic properties of this nano
semiconductor were reported. In addition,
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the chemical shielding (CS) tensors,
isotropic and anisotropic tensors and
asymmetric parameters of N and B
nuclei are calculated which are sensitive to
electronic density and also have shown
important points to electrostatic properties
of BN nanotubes. Comparison between
different NMR values at different levels of
DFT theory and ab initio method were
done to evaluate the °N and B NMR
parameters.

CALCULATION METHOD

We report Armchair (4,4) Borom nitride
nanotube with tube length of 5nm and with
16B atoms and 16N atoms and 16H atoms
(Fig. 1) which were examined by using
Hartree-Fock calculations and  density
functional theory (DFT) in level of
B3LYP, B1LYP, LSDA, BVP86 and
B3PW91 with 6-31G(d) basis set. Both
ends of these systems are terminated with
hydrogen atoms. For this purpose, the
Gaussian 03w program of the package was
used [8], and after final optimization,
thermodynamic properties, , energy gap
and NMR parameters were studied.
Thermodynamic analysis and total energies
at all levels of the theory of DFT methods

were used to examine the stability of those
optimized structures. GIAO method was
used, and chemical shift anisotropic and
chemical shift isotropic were considered.
Obtained results were have Dbeen
investigated through density functional
calculations for exploring (BNNTSs) usage
as Nanosensors.

RESULT AND DISCUSSION
1.Thermodynamic Properties

To confirm the stability of the (4,4)
BNNTSs system, after geometry
optimization of this nanosemiconductor we
performed ab initio and DFT methods for
energy calculations and thermodynamic
data by using 6-31G* basis set to
considered the stability of the system at
standard temperature (298.15 K) and
pressure (1 atm.). Gibbs free energies,
enthalpies, entropy and total energies of
this system computed by using Hartree-
fuck and at the B3LYP, B1LYP, LSDA,
BVP86, and B3PW91 levels of DFT

theory which have been revealed in table 1.
In order to obtain the most stable structure,
the Gibbs free energy should be used.
Table 1

shown relative values for

Fig. 1. The optimized Structures of B (4, 4) compound.

252



Elham Pournamdari /J. Phys. Theor. Chem. IAU Iran, 14 (3) 251-258: Fall 2017

Table 1. Relative thermo dynamic data (energy AE (kcal/mol), enthalpy A H (kcal/mol) and
Gibbs free energy AG (kcal/mol)) and antropy in cal/ (molK) obtained for B (4, 4) compound

Basis set 6-31G*
Method AE AH AG Zero-point correction S
HF 0.00 0.00 0.00 0.00 151.53
B3LYP -131423.51 -131423.47 -131423.74 -131423.41 150.76
BI1LYP -132180.74 -132180.74 -132180.75 -132180.04 151.51
B3PW91 -132134.96 -132134.96 -132132.92 -132133.69 158.35
BPV86 -131769.47 -131769.47 -131733.19 -131770.10 139.06
LSDA -136377.12 -136377.12 -136409.81 -136376.53 148.83

thermodynamic data which each terms are
referred to 298K. We analyzed the Gibbs
free energy of the formation and found that
among these methods, the results obtained
at the HF level are more negative than
those of the other calculations with -
937466.02 kcal/mol value, so it represents
the Dbest results for BigHisNie Structure
which confirmed the structural stability.
Also, the same relative trend observed for
AH and AE with -937420.84 and -
937421.43 kcal/mol values, respectively.
Moreover, according to the frequency
calculation at the HF and B3LYP, B1LYP,
LSDA, BVP86 and B3PW9l level of
theory, we observed no negative frequency
which  preferentially  enhances  the
compound stability.

2. Nuclear Magnetic Resonance

Nuclear Magnetic Resonance (NMR)
Spectroscopy is a  non-destructive
analytical technique that is used to probe
the nature and characteristics of molecular
structure. One of the most promising
techniques used for studying the electronic
properties of materials is based on Density
Functional Theory (DFT) approach and its
extensions. The fundamental parameters
that reproduce a nuclear magnetic
resonance (NMR) spectrum are the NMR
chemical shift of the nucleus which is
related to the local electronic structure at
the nucleus. The theoretical methods used
in calculating two basic parameters
involving isotropic chemical shift (CSI)
and anisotropic chemical shift. In this
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study, HF and DFT methods with 6-31G
(d) basis set are used to obtain NMR
parameters of BN (4, 4) nanotube after
geometry  optimization  which  are
considered by GIAO method. Obtained
results which are shown in Table.2 are
represented ¢ isotropic, ¢ anisotropic and
asymmetric parameter for each atom of B
and N of this nanotube at Hartree-Fock and
different levels of DFT including LSDA,
B3LYP, B1LYP, BVP86 and B3PW91
methods. As can be seen in Table.2 all N
atoms which are saturated at both ended of
the tube with H atoms including N1, N4,
N6, N7, N9, N12, N14 and N15 have the
same values of o isotropic, ¢ anisotropic
and asymmetric parameters. The same
trend can be seen in Table.2 for the B
atoms including B25, B27, B32, B35, B37,
B40, B42 and B45 which are bonded to
these saturated H atoms, respectively. On
the other hand, atoms of N2, N3, N5, N8,
N10, N11, N13 and N16 and also B29,
B30, B31, B34, B39, B44, B47 and 48B
which are not bonded to any H atoms
represented the same values of o isotropic,
o anisotropic and asymmetric parameters
in both Hartree-Fock and all calculated
DFT methods which means that various
BN, "B nuclei are divided into two parts
that the nuclei in each category have
equivalent electrostatic properties. As can
be seen in Table.2 and Table.3, it could be
concluded that the BNNTSs is symmetric of
chemical property therefore similar results
are obtained for ¢ isotropic, ¢ anisotropic
and asymmetric values in different parts of



Elham Pournamdari /J. Phys. Theor. Chem. IAU Iran, 14 (3) 251-258: Fall 2017

structure for all methods of calculation.
Among all methods of maximum
calculation amounts of ¢ isotropic is
134.98 for N atom and 80.31 for B atom at
HF methods and the minimum amount is
80.83 for N atoms and 62.64 for B atoms
at LSDA levels of DFT theory.
Investigation of BN (4, 4) shown that the
maximum value of ¢ anisotropic among all
chosen calculation methods have found for
N atom which is 209.43 at LSDA level of
theory and is 60.46 for B atom at LSDA
levels of theory and the minimum amount
is 149.87 for N atom at HF and 33.6 for B
atom at HF method which can be seen in
table 2 and also maximum value of
asymmetric parameter is 0.12 for N atom
and is 0.58 for B atom at HF method and
the minimum one is -0. 85 for N atom at
LSDA method and 0.32 for B atom at
LSDA method. The entire trend has not
changed much in these levels of theory,
and they are in good agreements with each
other for each of calculated parameters. All
obtained results depend on electron density

of different nucleus. All atoms at
BisH1sN1ig  system have different
electronegativity, therefore, they have

different charges. Hence, B-N bonds in
B1sH16N16 Structures have ionic characters.
NMR shielding tensors of N, "B nuclei
are drastically affected by what it is
bonded to and the type of bond to its
neighbor. Our obtained results yielded
strong evidence that intermolecular effects
such as electron transfer interactions play
very important role in determining the *°N,
B -NMR chemical shielding tensors of
B1sH1sN16. One of the best techniques for
considering structural information is NMR
spectroscopy which is an integral part of
modern chemistry. As a consequence,
NMR spectroscopy finds applications in
several areas of science. We indicated
BNMR spectra for Bi;gH1sN16 in absent of
reference and in the present of B2H6 as a
reference in fig. 2, fig. 3,fig 4, fig 5 in
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GIAO method for HF and B3LYP levels of
theory. B is the better nucleus in all
respects in contrast of °B because of
having the lower quadrupole moment and
being more sensitive. As can be seen in fig.
2 and fig. 3 shielding is 106.7 ppm, and
106 ppm in the present of B2H6 as a
reference for HF and B3LYP levels of
theory respectively.

CONCLUSION

Ab initio and DFT theory with different
levels of theory including B3LYP, B1LYP,
B3PW91, BVP86 and LSDA by using 6-
31d (g) basis set applied to study
nanosemiconductor BN( 4, 4). We
performed optimization at B3LYP-DFT
level using 6-31G (d) standard basis set on
model of the considered BN nanotubes in
order to calculate the minimum energy.
Thermodynamic properties such as relative
Gibss energy considered to find out system
stability and nuclear magnetic resonance
indicated electronic structure of the
system. NMR shielding tensors of N, 'B
nuclei are drastically affected by what it is
bonded to and the type of bond to its
neighbor. The NMR results show that
nuclei of B and N atoms are divided into
two categories, and each of them has
similar electronic property. All N and B
atoms of the system have different
electronegativy, N atoms have the highest
electron density and B atoms have the
lowest electron density which represented
they could be act as electron donor and
electron acceptor atoms ,respectively, and
are a good sites for bonding to different
molecules to react as a nnanosensor or
drug delivery system.
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Table 2. NMR parameters of BN (4, 4) at HF and DFT levels with the 6-31G~ basis sets in GIAO method
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Lot _ cEnisD _ |
GLAD

HF E3LY? EILY? E3IWSl EVPES 18DA 2HF  EB3ILYP EILYP E3PWEl EVESS L1SDA HF  EILYP EILYD E3PWEl EVPES  LSDA
Atoms
iy 13468 | 104.75 | 10664 | 107.08 | ©0.75 | ©1L87 | 14087 16204 | 163.85 | 16523 | 178711 0.7 | .76 £.75 £.78 ) .85
N 12371 | 8276 | o464 £5.4% 2238 | BOE3 | 18249 18667 | 18762 | 184.85 | 20807 | 0.01 0.08 0.07 0.07 0.l 0.12
3N 123.71 | e260 | 9458 25.43 BE.45 B0 | 18240 18637 | 18732 | 18922 | 20843 ! 001 0.08 0.07 0.08 0.1 0.11
4N 13468 | 104.66 | 106.55 | 107.00 | ©B.83 | ©A.06 | 14087 16234 1| 164.18 | 16484 | 178.27 | .7 | 076 0.7 078 ] .85
SN 12371 | 8276 | o464 8543 2238 | BOE3 | 18249 18667 | 18762 | 184.85 | 20807 | 001 0.08 0.07 0.07 0.l 012
£ 13408 | 10475 | 10664 | 10700 | £075 | ©197 | 14037 16204 | 163.85 | 18523 {17871 07 | 076 .75 .78 0.8 .85
N 13468 | 104.66 | 10655 | 107.00 | ©083 | 206 | 14987 16234 | 164.18 | 16484 | 17827 | 0.7 | 076 .76 078 Y .85
N 123.71 | &280 | o458 £5.43 BL.45 208 | 18240 18637 | 18732 | 18922 120043 | 0.0l 0.08 0.07 0.08 0.1 0.11
o 13468 | 10475 | 106684 | 107.00 | £0.75 | ©107 1 14087 16204 | 16385 | 16523 (17BT1 ! 07 | D76 £.75 078 o8 £0.85
0 12371 | 8276 | f4.54 2548 BE.3E | BDLEI | 18049 19667 | 19762 | 184.86 | 20807 | 0.01 0.08 0.07 0.07 0.1 0.12
1IN 12371 | 06268 | 6458 £5.43 BL.45 208 | 18240 18637 | 18732 | 18922 | 20043 | 0.0l 0.08 0.07 0.08 0.1 0.11
12 13483 | 10468 | 10655 | 10702 | ©0.83 | ©2.08 | 148.37 162.34 | 164.18 | 16484 | 178.27 | 0.7 | 0.76 .76 078 o8 .85
138 12371 | 8276 | f4.54 2548 8238 | DRI | 18249 18667 | 18762 | 184.86 | 20807 | 001 0.08 0.07 0.07 0.l 012
14 13408 | 10475 | 10664 | 10708 | ©0.75 | ©187 | 14087 16204 | 163.85 | 16523 | 17871 0.7 | 076 £.75 .78 0.8 .85
158 T 134.0% | 10466 | 10655 | 10700 | ©5.83 | L9086 | 140.87 16234 | 164.18 | 164.84 | 17847 1 0.7 | .78 .76 078 08 .85
187 12371 | 0260 | 0458 05,43 BL.45 500 | 19240 18637 | 18732 | 18922 | 20043 1 001 0.08 0.07 0.08 0.1 0.11
17H 2722 1 258t a6 25.8 2546 | 2467 | 0.6l 7.0 7.81 7.4 744 1 088 ! 083 0.03 0.3 0.02 0.04
186 3743 13588 1 3601 2581 3549 1 3466 | G.6L 73 78 7.45 745 1088 | 063 0.03 083 0.2 [RE
186 2722 | asae 28 25.8 2545 | 2467 | 0.6l 7.5 7.81 744 744 | 088 | o003 0.03 0.3 0.02 0.04
20H 2723 1 2588 | 2601 25,81 2544 1 2466 | 061 7.8 7B 745 745 1 (.88 | 083 0.83 0.83 082 0.84
21H 2722 | 2s5.8e 26 25.8 2545 | 2467 | 061 7.51 7.81 7.44 744 | 088 | 083 0.03 0.3 [ 0.04
221 2722 | 2588 | 2601 2501 2544 | 2466 | 0.6l 7.3 7.8 7.45 745 | 088 | 083 0.23 0.83 0.02 0.04
23H 3733 a5 a8 253 2545 | 2467 | G.6L 7.8 781 7.4 744 08E | 063 0.03 0.83 0.2 0.04
24H 2722 | 2588 | 2601 25,91 2544 1 2466 | 0.6l 7.3 7.8 7.45 745 | 088 | 0.63 0.03 0.3 0.02 0.04
25B 75 £2.51 £3.54 £4.03 6287 | 5855 | 54.54 57.24 57.52 5585 | 6046 | 0.33 0.39 0.39 0.35 .39 0.32
26H 3630 | 3573 35,70 25.4% 2543 1348 1Tl 733 714 7.14 737 1 Gag | 038 0.4 041 0.3% 037
27E 75 £2.81 £3.54 £4.03 6LE7 | 5B55 1 54.54 57.24 57.52 5585 | 6046 | 033 0.38 0.38 0.36 .38 0.32
210 2635 2573 25,70 25.5% 2542 1 2483 | 711 7.23 7.14 7.15 727 | 058 | 038 0.4 0.41 0.33 0.37
208 20.31 662 67.01 £2.23 6616 | 6165 | 316 36.32 35.70 3501 | 3758 1 024 | 034 0.33 0.35 .39 0.39
0B 80.31 66.2 67.01 6823 66.17 | 6264 | 316 36.38 35.87 3482 | 375 ! 024 ¢ 034 0.33 0.35 .38 0.38
EJ:] 80,31 6.2 E7.01 £8.33 B6.17 | 6264 1 318 36.30 35.87 3463 1 375 ¢ 004 1 034 0.33 0.35 .30 0.30
ER)z] 75 62.3 £3.53 402 6188 | SB56 ! 54.54 57.29 57.50 5577 | 6038 | 0.33 0.39 0.39 0.35 .32 0.32
33H 2630 | 2573 25,70 2550 2541 ¢ 24833 | 711 7. 7.23 7.15 7.14 726 | 058 1 030 0.4 0.41 0.33 0.35
34B 20.31 66.2 67.01 £2.23 6616 | 6165 | 3316 | 3637 | 3632 3570 3501 | 37.58 ! 024 | (.34 0.33 0.35 .32 0.39
35B 75 62.3 £3.53 0 E1ET | 5356 | 5454 | §7.37 1 &1.09 57.59 5577 1 6036 ¢ .33 0.39 039 036 0,39 (VR
36H 2530 | 3573 25,70 2550 1 2541 | 2483 o711 | 733 7.23 715 1 714 726 | ose i o038 1 04 04 | 03B 036 |
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Table 3. NMR parameters of BN (4, 4) at HF and DFT levels with the 6-31G " basis sets in GIAO method

aiso ganiso ]
GIAOQ
HF B3LYP BILYP B3PW91 EVP36 LSDA HF B3LYP BILYP B3PW9l BVPS6 LSDA HF B3LYP BEILYP B3FW2l EVP36 LSDA
Atoms
37B 7 62.8 63.53 64.02 62.58 5856 | 345 1 3137 37.29 37.59 33.77 1 6039 1 033 0.39 0.39 0.36 0.39 0.32
38H 2639 | 2373 2579 23539 2541 2483 111 123 123 1.15 7.14 126 0.38 0.39 04 0.41 0.33 0.36
398 80.31 66.2 67.01 63.23 66.16 62.63 334 36.37 36.32 3379 3501 ¢ 3758 ¢ 024 0.34 0.33 0.33 0.39 0.39
4B ] 62.81 63.34 64.03 62.87 3835 1 35 3751 3124 3152 3383 1 6046 1 033 0.39 0.39 0.36 0.39 032
41H 26390 ¢ 2373 2579 2558 2542 2483 111 122 122 7.14 7.15 127 0.58 0.30 04 0.41 0.33 0.37
42B 13 62.81 63.34 64.03 62.87 38535 1 345 1 3751 37124 57.52 3385 | 6046 033 0.3¢ 0.39 0.36 0.3¢ 032
45H 2630 1 2373 25.70 2338 2342 2483 111 122 132 1.14 1.15 127 0.58 0.39 04 0.41 0.33 0.37
4B 80.31 66.2 67.01 63.23 66.16 62.63 EER] 36.37 36.32 3579 3501 ¢ 3758 ¢ 024 0.34 0.33 0.33 0.39 0.39
45B ] 62.8 63.33 64.02 62.88 3836 3454 3737 3729 31.39 3307 1 6039 1 033 0.39 0.39 0.36 0.39 032
46H 2630 | 2373 2379 2359 2541 2483 111 723 723 7.15 7.14 126 0.38 0.39 04 0.41 0.33 0.36
478 8031 66.2 67.01 63.23 66.17 62.64 356 36.44 36.39 3587 3492 315 024 0.34 0.33 0.35 0.39 039
4B TEOST T 662 67.01 68.23 66.17 62.64 336 36.44 36.39 3587 349 313 0.24 0.34 0.33 0.33 0.39 0.39
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SCF GIAO Magnetic shielding

8.0 45-B 48-B
7.0 428 4318
_s‘ 6.0 - 40-B 440
0 50— 3B 33-B
E 3B 4B
S 4.0 :
g 3.0 3&b B
- 204 ZiB 30Ee
10 2598 248
0.0 -

74.0 75.0 76.0 77.0 78.0 79.0 80.0 81.0
Shielding (ppm)

Fig. 2. B NMR shifts relative to HF/6-31G* in GIAO methods.
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Fig. 3. B NMR shifts relative to HF/6-31G* in GIAO methods in the presence of B;Hg as a
reference.
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SCF GIAO Magnetic shielding
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Fig. 4. B NMR shifts relative to B3LYP/6-31G* in GIAO methods.
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Fig. 5. B NMR shifts relative to HF/6-31G* in GIAO methods in the presence of B,Hg as a

reference.
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