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Nuclear magnetic shielding and electric field gradient tensors calculations of the 11

magic BN
fullerenes were performed by DFT method that

employed the Gaussian 98 software implementation of the
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GIAO method. The calculated NMR parameters provide
a way to identify these nanocages. The NQR parameters

are also discussed. All of the results were compared to experimental and theoretical data of related compounds. The

electrophilicity index, w, of magic BN nanocages

has been evaluated from the ionization potential (IP) and the electron affinity (EA) computed 19

by vertical ionization at the B3LYP/

6-311++g(d,p) level. 42
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(CNTs) 1] 29

researches in many areas of physics and chemistry on carbon nanotube (CNT) have reached a critical mass.

Carbon-based nanocage structures, such as fullerene clusters, nanotubes, nanocapsules, 17

nanopolyhedrals, cones, cubes and onions, have wonderful potential for studying materials

of low dimensions in an isolated environ-ment[2 ,3]. Incontrastto carbon fullerenes (C

and 60C), thereis no directevidence for the most favored 70 structures of BN |E|

analogues, despite advanced synthesis and characterization

[4-13].
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While the stability of carbon fullerenes is governed by the isolated pentagon rule (IPR), i.e., the |E|

maximal and perfect separation of the strained pentagons, the stability of (BN) can be estimated by the

isolated n square rule (ISR), i.e., the maximal and perfect separation of the strained squares.

Fowler et al. found that B N, BN and B N stand out as 12 12 16 16 28 28 "magic" BN fullerenes [14].

Successful attempts to synthesize nanosized structures from boron nitride molecules [15- 13

20] and the development of procedures for the synthesis of pure boron-nitride nanotubes

[21] have stirred the growing interest in calculation of BN structures:

B N[22], B N (n = 0-3), 12 12 12+3n 12+3n and

BN [23], B Nand BNJ[24, 25], BN 24

22221212 16 16 28 28 [26],

BN [27 ].BN,BN and BN 35

[28], 36 36 12 12 24 24 60 60 B N (n = 8-33) [29], B N (x = 1-4, 12, 15, 30) n n+4 x x [30], (x = 13, 14, 16) [31], (x = 12,
16, 18, 24, 36, 60) [32], and B N asa formal analog of Buckminster 30 30 fullerene. Nanocage clusters of BN were
synthe- 12 12 sized,

and detected by laser desorption time-of-flight mass spectrometry [33]. The 31

self-consistent density functional tight-binding (DFTB) method 40

were employed to investigate atomic and electronic structures and thermal stability of BN nanopeapods (B N @BN-NT)
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[34]. Matxain research crew [35] 12 12 were used SIESTA code with the GGA-PBE density functional method to analyze

the possibility of assembling of B N fullerenes in molecular solids. 12 12

Sheichenko et al [36] have studied the electronic properties of BnNn (n = 12, 24, 60)
fullerene-like molecules using semiempirical and ab initio methods. The third-order nonlinear

optical polarizabilities for

BN,BNand BN clusters were 36

calculated 12 12 24 24 36 36

by employing ab initio time-dependent density functional theory combined with a sum-over-
states method (SOS//TDDFT)

[37]. Shevlin et al [38] were studied the

properties and defects in some nitride (lll-V) nanoscale cage clusters 10

(BN, AIN, GaN and, InN) via Density Functional Theory. They found that

the relative stability of different BN clusters has been further explored by studying principal 10

point defects and their complexes including topological B-N bond rotational defects, vacancies,

antisites and, interstititials. The

calculation of nuclear magnetic resonance (NMR) parameters using ab initio and DFT

techniques has become a major method in the investigation of molecular structure.

Jung et al[39] were studied 11 B
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NMR and the spin lattice relaxation times (T 1) in 26

boron nitride nanotubes to decompose and identify

hexagonal and rhombohedral phases in the BNNTSs. 26

14 It has been proved that N

NQR spectra can provide sufficient information to infer about the tautomeric 14 formofa | 12

compound

and,

N NQR frequencies, closest to the experimental ones, can be obtained by the DFT method with| 12

Becke B3LYP functional
[40]. A. Boshra et al [41] investigated the

nanotube length effect on the aromaticity and CSI parameters of finite length single-wall

zigzag and armchair boron nitride nanotubes

through DFT framework. A. Boshra et al. / Journal of Nanostructure in Chemistry 2 (2) (2011) 100 Also Seif et al [42] in a

DFT calculation research showed that how the Li dopant atoms affect NMR and NQR parameters of H
-capped (4,4) single- walled boron nitride nanotube. Moreover, Boshra and

his coworkers [43] were presented doping effect
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of Boroxol ring on the N-15 and B-11 NMR parameters in zigzag boron nitride nanotube in a
density functional theory research. The GIAO DFT study of B N nanocages were carried out to 24 24 evaluate

N and B nuclear magnetic shielding and electric field gradient tensors
[44].

We are interested in utilizing DFT computational techniques to look at how variations in the
molecular 1115 structure impact the resulting B and N NMR 1114 and

also B and N NQR observables, and the electrophilicity index, w, of magic BN nanocages.

Magnetic nuclei chemical shielding tensors for 11 15 nuclei with fractional spin like B

and N reveal very valuable information about the physical environment and especially the
electrostatic environment around the nuclei. However, because of the complex electrostatic
environment of the nanocages, practical spectrometry that directly explores the electrostatic
environment around the nucleus is difficult. Therefore, quantum calculations play a very important
position in measuring the NMR parameters of nanocages. Nuclear quadrupole resonance (NQR)
spectroscopy, which is applied to quadrupole nuclei, is among the most versatile and insightful
techniques used to investigate the physical properties of matter [45]. Quadrupole nuclei are those
that have nuclear spin angular momentum 11 14 greater than one-half (1>1/2),e.g., B and N.

The quadrupole coupling constant (c) and the asymmetry parameter (h) can be determined via
quantum chemical calculations of the electric field gradient (EFG) tensors. ¢ is proportional to the
interaction energy between the nuclear electric quadrupole moment (eQ) and the EFG tensors at the
quadrupole nuclei sites [46]. Another important measurable parameter is the asymmetry parameter
(h), meaning the deviation of the EFG tensors from cylindrical symmetry at quadrupole nuclei sites.
The EFG tensors are very sensitive to the electrostatic environment and can reveal new aspects of
these properties in magic BN fullerenes. Computationally, the calculated EFG tensors are

proportionalto ¢ and h; therefore, quantum chemical calculations permit the evaluation of
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parameters measurable with NQR. The present computational work investigates the electrostatic

properties of magic BN fullerenes systematically. Therefore, the
total electronic energy and HOMO- LUMO energy gap (Table 1) and the

nuclear magnetic shielding tensors and the EFG tensors were calculated in order to evaluate

the NMR (s) andNQR iso parameters c¢ and h (Tables
2,3,4and 5, 6, 7) of B and N nuclei
as a first prediction for magic BN fullerenes (Figures 1,2

and 3).

Table 1. The total electronic energy E (Hartree) and the 23

a HOMO-LUMO gap (eV) of the of magic BN fullerenes Structure E Energy gap B 12 N 12 -956.349 6.75B 16 N 16 -
1275.305 6.29 B 28 N 28 -2232.148 6.80

In the present Letter, the electrophilicity index, w, of
threeBNnanocages,
BN 2, BN and BN 44

12116 16 28 28

is evaluated from the IP and EA values computed by vertical ionization at the B3LYP/
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6-311++g(d,p) level (Table 41

8). a See figures 1, 2 and 3 for more details. . 101 A. Boshra et al. / Journal of Nanostructure in Chemistry 2 (2) (2011)
Figure 1. 3D views of B N magic BNfullerene 12 12 Figure 2. 3D views of B N magic BN fullerene 16 16

are influenced by the structural changes. To the best of our knowledge, no experimental 1

data are currently available on

o or ¢ values and the electrophilicity iso index, w,

for the considered clusters in the literature; therefore, the present work evaluates 20

the nuclear magnetic shielding (s ), quadrupole coupling iso constant parameters (c) and electrophilicity index, w,

as a first prediction for the magic fullborenes. 1

The calculated NQR parameters compare with some experimental results of related compounds.

Table 3. GIAO chemical shieldings (s) of optimized a, 1

b structure of B16N 16 cage (in ppm) Figure3. 3D views of B N magic BN fullerene 28 28 Table 2. GIAO chemical
shieldings of optimized structure Boron Nitrogen Atom no. Isotropic Anisotropic Atom no. Isotropic Anisotropic 1234 9
1214 16 17 20 22 24 64 64 64 64 64 64 64 64 64 64 64 64 a,b of B12N 12 cage (in ppm) 43 43 44 43 44 44 44 44 44 43
43 43 The NMR and NQR parameters indicate

how the electronic structure properties of these BN cages 1
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5678101113 1518 192123 107 107 107 107 107 107 107 107 107 107 107 107 142 142 141 142 142 141 142 142
141 141 142 142 Boron Nitrogen Atom no. Isotropic Anisotropic Atom no. Isotropic Anisotropic 1234567 8 17 20 21
24 27 28 29 32 66 66 68 68 66 66 66 66 66 66 66 66 68 68 66 66 41 42 39 39 41 41 42 41 41 41 4141 39394142910
11121314 1516 18 19 22 23 25 26 30 31 2. Computational methods 93 93 93 93 130 93 130 93 93 93 94 94 131 131
93 93 147 147 147 147 180 147 180 147 147 147 146 146 179 180 147 147

density functional theory 16

magic BN fullerenes: B12N 12 (Fig. 1), B16N 16 (Fig. 2) and B28N 28 (Fig. 3) clusters using the Gaussian 98 a See
figures 1and 4 for more details. b Compare the data with the results of [41-44] a See figures 2 and 5 for more details. b
Compare the data with the results of [41-44] A. Boshra et al. / Journal of Nanostructure in Chemistry 2 (2) (2011) 102
[47] package of program. Table 4. GIAO chemical shieldings (s) of optimized Boron Nitrogen Atom no. Isotropic
Anisotropic Atom no. Isotropic Anisotropic1234567891011121314 1516 17 36 39 40 41 44 45 46 50 52 53 54
a,b structure for B28N 28 cage (in ppm) 71 71 67 68 67 71 71 67 71 68 67 67 71 67 67 71 71 67 71 71 67 68 67 68 67
67 71 71 49 49 39 24 39 49 49 39 49 24 39 39 49 39 39 49 49 39 49 49 39 24 39 24 39 39 49 49

Firstly, the considered models were allowed to entirely relax during the geometrical 14
optimization by the B3LYP exchange-functional method [48,49] andthe 6- 311++G (d,

p) standard basis set. Then the quantum chemical calculations were performed on

18 1920 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 37 38 42 43 47 48 49 51 55 56 123 96 123 96 123 96 96 123 99
96 123 96 123 123 96 99 96 123 96 96 99 123 123 123 99 123 96 96 181 159 181 159 181 159 159 181 156 159 181
159 181 181 159 156 159 181 159 159 156 181 181 181 156 181 159 159 the

d,p) 16

the total electronic energy, energy gap of HOMO-LUMO and, Nitrogen and Boron

NMR and NQR parameters, respectively (Tables 1- 1
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7). a,b Table 5. NQR parameters of optimized structure of B12N 12 cage Boron Nitrogen Atom no. ¢ (MHZ) h Atom no. ¢
(MHZ)h12349121416172022241234567 81720212427 2829323.223.223.223.223.223.223.223.22
3.22 3.22 3.22 3.22 Boron 3.13 3.13 3.27 3.27 3.13 3.13 3.13 3.13 3.13 3.13 3.13 3.13 3.27 3.27 3.13 3.13 0.11 0.11
0.110.110.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.067 0.067 0.00 0.00 0.067 0.067 0.067 0.067 0.067 0.067 0.067
0.067 0.00 0.00 0.067 0.067 567 81011131518 19212391011 1213141516 18 1922 23 25 26 30 31 0.76 0.76
0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 Nitrogen 0.74 0.74 0.74 0.74 0.98 0.74 0.98 0.74 0.74 0.74 0.74 0.74
0.980.980.740.740.78 0.78 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.78 0.78 a,b Table 6. NQR parameters of
optimized structure of B16N 16 cage Atom no. ¢ (MHZ) h Atom no. ¢ (MHZ)

ho. 65 0. 65 0. 65 0. 65 0. 002 0. 65 0. 003 0. 65 0. 65 O. 22
65 0. 64 0. 65 0. 001 0. 004 0. 65 0.

65 a See figures 3 and 6 for more details. b Compare the data with the results of [41-44] a a See figures 1and 4 for more
details. See figures 2 and 5 for more details. b Compare the data with the results of [42], [44]. 103 A. Boshra et al. /

Journal of Nanostructure in Chemistry 2 (2) (2011) Table 7. NQR parameters of optimized structure

for12345678910111213 141516 17 21

36 39 40 41 44 45 46 50 52 53 54 Boron 3.16 3.16 3.19 2.94 3.19 3.16 3.16 3.19 3.16 2.94 3.19 3.19 3.16 3.19 3.19
3.16 3.16 3.19 3.16 3.16 3.19 2.94 3.19 2.94 3.19 3.19 3.16 3.16 a,b B28N 28 cage 0.07 0.07 0.13 0 0.13 0.07 0.07 0.13
0.0700.130.13 0.07 0.13 0.13 0.07 0.07 0.13 0.07 0.07 0.13 0 0.13 0 0.13 0.13 0.07 0.07 18 19 20 21 22 23 24 25 26
27 28 29 30 31 32 33 34 35 37 38 42 43 47 48 49 51 55 56 Nitrogen Atom no. ¢ (MHZ) h Atom no. ¢ (MHZ) h 1.17 0.36
1.17 0.36 1.17 0.36 0.36 1.17 0.91 0.36 1.17 0.36 1.17 1.17 0.36 0.91 0.36 1.17 0.36 0.36 0.91 1.17 1.17 1.17 0.91 1.17
0.36 0.36 0.43 0.92 0.43 0.92 0.43 0.92 0.92 0.43 0 0.92 0.430.920.43 0.43 0.92 0 0.92 0.43 0.920.9200.43 0.43 0.43
00.430.920.92

methods reveals that GIAO is the method most commonly used to calculate absolute 1

shieldings

[50].
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Quantum chemical calculations do not directly yield experi-mentally measurable NMR and
NQR parameters. The quantum calculations were adapted to reproduce reliable NMR and NQR

properties

[51,52]. Table 8.

B3LYP/6-311++g(d,p) 43

calculated ionization potentials, IP, electronic affinities, EA, chemical potentials, ,
hardnesses, n, and electrophilicity values, w (,A), a (IP,EA, u,n, and w (l,A),
in eV) for the

magic BN nanocages Nanocage IP EAp n w(l,A)B 12N 129.59-0.16 -4.71 9.751.14 B 16 N 16 9.12 0.20 -4.66 8.93
1.22B 28 N 288.940.13-4.54 8.82 1.17

Typically it is only necessary to report the three principal components (or eigenvalues) of the
boron and nitrogen atoms CSA (Chemical Shift Anisotropy) tensor (o, 0, 0)

when discussing the magnitude 1122 33 of the shielding tensor. When the atoms CSA

tensor is described within the principal axis system (PAS) [53], the diagonal representation

of the tensor is obtained. The
atoms

CSA tensor can also be described by two additional parameters; a) the isotropic value (or
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trace), o, ofthe shieldingtensor iso which is defined as:

The most commonly used methods of calculating chemical shifts are the individual gauge for |E|

localized orbitals (IGLO) method, the localized orbital/local origin (LORG) method, and the gauge-

independent or -invariant or -including atomic orbital (GIAO) method. Reviewing Chemical Abstracts

(for works published between 1987 and 2001) for the mentioned

0=13(c+oc+0)(1)

iso 11 22 33 b) the anisotropy (Ac) of the tensor, given by

Do=0-1/2(c + 0 ) (2) 33 11 22 a See figures 3 and 6

for more details.b Compare the data with

the results of [42], [44].

aSee figures 1- 3 for more details.
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assignment or ordering of the principal com- ponents inthe atoms CSA tensor depends

on the convention used, but for this manuscript the principal components are defined using: o 2

o220

3322 11
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The NQR parameters are the nuclear quadrupole coupling constant ¢ and the asymmetry

parameter h. However,Eqs. 3 and 4 are used to relate the calculated EFG tensors to their

associated experi- mentally measurable parameters:
2c=eQqzz/h (3)h=|g-q/q| (4) xx yy zz Here, c

is the interaction energy for the nuclear electric quadrupole moment eQ and the EFG tensors,
whereas h is a measure of the deviation of the EFG tensors from cylindrical symmetry at the
sites of the quadrupole nuclei. Quadrupole nuclei are those that have a nuclear spin angular
momentum of greater than one-half (1>1/2). The EFG tensor eigenvalues were calculated in the principal

axis system (PAS) using the relation

la1=lq=]q ]| zz yy xx The

standard Q values reported by Pyykké [54] 14 were employed 34

inEq. 3: Q( N)= 2044mband 11 Q( B)= 40.59 mb.Tables 56 and 7

show the calculated NQR parameters for Nand B nuclei in the three
magic BN fullerenes. The density functional theory

method utilized in the present study presumes the selection of isolated clusters for all of

the actual calculations
and ignores

interactions among adjacent clusters. In this manner it is possible to obtain discrete clusters
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for the geometry optimization and all of the calculations.

+ -
The energies, E(M ) and E(M ), of the ionic states of each cluster M were calculated at the
B3LYP/ 6-311++g(d,p)
level using the optimized geometries + of the neutral cages. The IP = E(M )-E(M) and the -
EA = E(M)-E(M ) values determined by these DFT energies are the computed vertical ionization
potentials and the vertical electron affinities from the bottom of the potential well of the neutral
species, respectively [55]. The global electrophilicity index w, which measures the stabilization
in energy when the system acquires an additional electronic charge AN from the environment, has
been given the following simple expression
[56]: 2 w=p /2n (5)
in terms of the electronic chemical potential | and the chemical hardness n. The
natural way to approximatethe p and n in DFT is evaluating directly from the IP and EA
energies: u =-(IP+EA)/2 (6)n =IP-EA
(7) The

electrophilicity index encompasses both, the propensity of the electrophile to acquire an
additional 2 electronic charge driven by y (the square of electronegativity) and the
resistance of the system to exchange electronic charge with the environment described by n,
simultaneously. A good electrophile is, in this sense, characterized by a high value of y and alow

value of n. 3. Results and discussion

Table 1 collects the total electronic energy E (in . 105 A. Boshra et al. / Journal of Nanostructure in Chemistry 2 (2)
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(2011) Hartrees)

and the HOMO-LUMO energy gap (in eV)of the 23

of magic BN fullerenes (Figures 1-3). As the table contents present

the total energy of the magic BN clusters increases with increase of the 39

size of the nanocages from B N to B N (Figures 1-3). 12 12 28 28 Inspection of the energy gap of HOMO-LUMO (Table
1) indicates thatthe B N (Figure 2) and 16 16 the BNcluster (Figure 3) nanocages have the 28 28 smallest and the
largest energy band gap respectively but in this case there is not a regular order with respect to cluster size like the total
energy of clusters (Table 1). 3.1. NMR parameters Tables 2, 3 and 4 present the isotropic (s ) and iso anisotropic (Ds)
nuclear magnetic shieldings of boron and nitrogen atoms calculated for fully optimized B N, B N and B N fullerenes 12

12 16 16 28 28 (Figure 1-3), respectively.

Boron and nitrogen atoms adopt different roles in the magic fullborenes 1
due to lack
of electrons in valence shell of boron atoms and 25

the presence of

lone pair of electrons in the nitrogen atoms valence shell. 25

Nitrogen nuclei have greater isotropic and anisotropic chemical shielding than boron nuclei. | 1

As table 2 presents the B N 12 12 fullborene just show one peak (64 ppm) for boron atoms and also one peak (107
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ppm) for nitrogen atoms. Intable 3 peak at ~66 -68 ppm is assigned to boron

atoms, and peaks at
~ 93-94 ppm and ~ 130- 131
ppm reflect the chemical shieldings of nitrogen atoms in the
B N magic BN fullerene. The results 16 16

of our calculations, as shown in Table 4, also predict ~67-68 ppm and71ppm
shielding of the signals from boron atoms and ~96-99 ppm and 123 ppm chemical

shieldings from nitrogen atom signalsin B N fullborene.
28 28 3.2.

NQR parameters The results from quantum chemical calculations of NQR parameters
(c,h) for fully relaxed magic fullborenes are shownintables 5,6 and 7. Since there
is no experimental NQR data for these BN fullerenes available in the literature, the tables do not

reference any experimental data for the calculated results
but they reference some theoretical researches on related BN materials.
A quick look at the results from the calculations
(Tables 5, 6, 7)

reveals that the NQR parameters vary for the nuclei; therefore, the electrostatic
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environments of these magic full- borenes

with different structures are not equivalent, although these differences are not very 1

conspicuous. In the

table 5 NQR parameters of B N fullborene 12 12 (Fig. 1) are collected. As we can see the whole cluster has a uniform
electrostatic environment due to the fact that all of boron atoms have the same ¢ quantity (3.22 MHz) and so do the
nitrogen atoms (0.76 MHz).The B N structure can be imagined 12 12 as six tetragons whose corners are chemically
bonded together. The ¢ parameters of B N (Table 6) and 16 16 B N(Table 7) do not present the trend. One can 28 28
imagine a B N cluster as six BN tetragons whose 16 16 corners bind together by boron or nitrogen atoms (Fig. 2). In the
B N cluster the boronatoms (B3, 16 16 B4, B27, B28- see Fig. 5) and also the nitrogen atoms (N13, N15, N25, N26- see
Fig. 5) which bind corners of three tetragons have different ¢ values and their quadrupole coupling constants are the
largest (3.27 MHz for the boron and 0.98 MHz for nitrogen atoms). Table 7 shows NQR parameters of B N fullborene
and also this magic fullborene 28 28 does not have a uniform electrostatic environment in the whole cage. The 12

nitrogen

corners 37

6 tetragons (Fig. 6) have the smallest ¢ values (0.36 MHz). Among the A. Boshra et al. / Journal of Nanostructure in
Chemistry 2 (2) (2011) 106 boron atoms those borons which do not directly have chemical bonds with corners of a
tetragon or included in a tetragon corners (B4, B10, B44, B46) show the smallest quadrupole coupling constants (2.94

MHz) (Table 7).

To the best of our knowledge there is no experimental data on NMRand NQR 4

spectroscopic parameters

of magic BN fullerenes but

comparing the ¢ values computed in this work with  experimental nitrogen and boron 1

NQR
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para- meters of some related BN material

verifies the c¢ values calculated in this work for the clusters.

AH.

Silver et al. reported the magnitude of the coupling

2 constant of boron atom e Qq zz/h=2.96+0.10 [57] and M. Khusidman research group

in two studies find that the experimental value is 2.44 [58,59]and the

3.00+0.10 value reported by M. Fanciulli research crew [60]. Also ¢

=2.9 MHz [61] and more precise value of 2.934%

0.004 MHz have been obtained by other researchers [62]. A quadrupole coupling

constant of 2.936%

0.020 were obtainedby G. Jeschke etal.

in cubic and hexagonal boron nitride for boron

atoms[63]. Considering the fact that BN nanocages have structures different from the mentioned BN compounds,
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the theoretical values of this study 4

(Tables 5, 6 and 7)

are in good agreement with the 14 experimental data. The 33

N NQR experimental value reported by Jeschke and his co-workers was 140+10 kHz [63]. Palmer et al. in their

theoretical study found values between 0.753 and 1.328 MHz 14 for N quadrupole coupling constants [64]. The

14 8
11 (theoretical

theoretical

[63]. Bagheri et al [65] performed a DFT based calculation for (6,0) single-walled BNNT in three forms of H-capped, N-

end and B-end tubes. They calculated the EFG tensors using

B3LYP level of theory with  6-311++Gxx, 6-31++G=+=» 38

and CC-pVTZ standard basis sets. Their result showed four equivalent electrostatic layers in the tube length. Comparing
our NQR quadrupole coupling constants with the mentioned researches results reveals that the B atoms x are more
consistent in the two researches than N atoms regarding the structural difference between BN nanocages and BNNTs

and, the B3LYP with

6-31+G** standard basis set in the 20

Baghrei research group presents the best consistency with our results. In the case of N atoms the differences are more

conspicuous than that of B atoms and as we mentioned earlier this is due to nitrogen lone pairs and the
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difficulties in describing correctly the distribution of the nitrogen lone pair in the theoretical

calculations.

Figure 4. 2D views of B N magic BN fullerene 12 12 Figure 5. 2D viewsof B N magic BN fullerene 16 16 Figure 6. 2D
views of BN magic BN fullerene 28 28 107 A. Boshra et al. / Journal of Nanostructure in Chemistry 2 (2) (2011) 4.

Evaluation of the electrophilicity indexes from the IPs and EAs, w (l,A), With the IP

and
EA values calculated in the com- putational methods Section,
we have computed the electrophilicity indexes, w (L,A).

The corresponding values are collected

in Table 8. Itis observed that irrespective of the increase in nanocage size, electrophilicity | 15

does not change

significantly. For these BN nanocages,

it is observed that even though the size ofthe nanocage increases, it does not affect 15

the chemical potential of the

cluster. Evaluating the values of hardnesses in table 8 shows that B N has the largest hardnesses. It ismeant 12 12 that

B N has the largest

resistance of the chemical 1212 potential to change in the number of electrons 18
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among magic BN fullerenes. 5.

Concluding remarks The goal of this study was, for the first time, to calculate the NMR and

NQR parameters at the locations of N and B nuclei and the

electrophilicity index, w, in the three stable structures of magic fullborenes:

BN,BNand BN 24

(Fig.s 1-3). 12 12 16 16 28 28

Optimization of geometries and NMR and NQR calculations of the considered structures were

performed.

All of these magic fullborenes cages have just squares and hexagons, and the

number of tetragons is different in the three fullborenes. B N cluster hassix tetragons and eight hexagons 12 12 (Fig. 1).
The B N structure consists of six tetragons 16 16 and twelve hexagons (Fig. 2) while there are six tetragons and twenty

four hexagons in B N 28 28 structure

(Fig. 3). The energies of these three
BN fullerenes are different

(Table 1). The most stable structureis the

B Nfullborene (Fig. 3) with the 28 28 . maximum energy band gap between HOMO and LUMO (Table 1). The magic

fullborenes with energy gap varying from 6.25 to 6.80 eV are wide band gap clusters. The
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calculated chemical shieldings (s) indicated iso thatthe N nucleiin BN

fullborene show peak at

12 12 107 ppm, and also one peak for B nuclei close to 64 ppm (Table 2, Fig. 4). The components at ~ 93-94 ppm and ~
130-131

ppm correspond to N nucleiand at ~66 -68 ppmto Bnuclei inthe BN model
16 16 (Table 3, Fig. 5),

so this model shows two peaksfor N and onepeak for B nuclei, respectively.
The

B N cluster shows two peaks at ~96—99 ppm and 28 28

123 ppm which are attributedto N nucleiand twopeaks at ~67-68 ppm
and 71

ppm which reflect the chemical shieldingof B nuclei
(Table 4, Fig. 6). As it can be seen,

NMR quantum calculations are a useful tool for studying the structural features of three
magic BN fullerenes, since the positions of the NMR signals in each model are well reflected in
the NMR chemical shieldings. The predicted NMR parameters may aid experimentalists in identifying
the structure of magic fulleborenes. In addition, we can see that the nuclear magnetic shielding

tensors of N nuclei display substantial sensitivity to structural changes, while B nuclei do not
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show this feature. The calculated NQR parameters
(Tables 5, 6 and 7)

revealed that the electrostatic environments of the three magic clusters are as different as
their structures. The ¢ values ofthe B nucleiin all the cages do not show tangible
changes, whereas the ¢ values ofthe N nucleido show more variations. As the NQR

calculations show, the electrostatic environment of the

B N is homogeneous throughout the cluster 12 12 (Table 5), but the B Nand B N cages do not 16 16 28 28 exhibit this

characteristic (Tables 6, 7). The ¢ values A. Boshra et al. / Journal of Nanostructure in Chemistry 2 (2) (2011) 108

ofthe B nucleiin all of the cages are greater than of

those of the N nuclei. The calculated NQR parameters will play a key role when studying
the interactions of atoms and molecules with the clusters, which are important in catalysis as

well as in the development of cluster-based materials.

The electro- philicity indexes, w(l,A) which have computed via the IP and EA values (Table 8) presents the largest

hardness for B N nanocage. Due to thisfact, BN 12 12 12 12 has the largest

resistance of the chemical potential to change in the number of electrons 18
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