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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, ω, of magic BN nanocages

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

by vertical ionization at the B3LYP/

6-311++g(d,p) level.

*Corresponding author: Asadollah Boshra, Email: a.boshra@gmail.com 99 A. Boshra et al. / Journal of Nanostructure in

Chemistry 2 (2) (2011)

1. Introduction Since the discovery of carbon nanotubes (CNTs) by Iijima [1] in 1991,

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,

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

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

and 60 C ), there is no direct evidence for the most favored 70 structures of BN

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

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-

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

B N [23], B Nand B N [24, 25], B N

22 22 12 12 16 16 28 28 [26],

B N [27 ],B N , B N and B N

[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

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

were employed to investigate atomic and electronic structures and thermal stability of BN nanopeapods (B N @BN-NT)

https://app.ithenticate.com/report/8468523/similarity?source=21806936&dsc=1&id=5281&node=37&dn=8293fb09d17342b3270cfebeaa34db573f6ef78a52db282bf63079df516d6e09738b9ca1ddb7edd0b61a8cbac9fd66c8da7e280ef7d21f23d74d4007647f645f
https://app.ithenticate.com/report/8468523/similarity?source=18390481&dsc=1&id=699&node=37&dn=a6e18d2dee3ce43e365f9dc84ce0a40fad75430242b01b2429b4a93c2931b75766041b791ad94cdb05c2a32f6698b494726d278bb77355d26656aecf548dd289
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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

B N , B N and B N clusters were

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 (III-V) nanoscale cage clusters

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

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

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

https://app.ithenticate.com/report/8468523/similarity?source=19870744&dsc=1&id=263&node=37&dn=467de833fc9c10f56747d577b191c977182710adf4438b45602b9988a636841a84c899353024548195bebe9c11956463d047c09f1cb00d34d1e57c21f34ed73e
https://app.ithenticate.com/report/8468523/similarity?source=3138859&dsc=1&id=2420&node=37&dn=f886b13b13f1ba75a7a157a4d629aed29ed6378af7ec15e7c6d34ea1cd6a1ff949d0471a3634822944b2c940b83100e43d49d39a2ae9eb5c43a6eff45b70576e
https://app.ithenticate.com/report/8468523/similarity?source=19870744&dsc=1&id=269&node=37&dn=95d094afba2099afd591567d1390d3bed781296ca667475e4a552436434f4afe23dbc672473b39e2c40ee9cb436f060a5afa4d4e5f252655bdffc7e60293db16
https://app.ithenticate.com/report/8468523/similarity?source=4021370645&dsc=1&id=16884&node=772&dn=97def6ff3b7f018143f8697207f6a1464805f0fdd7c162d1fa9bfc8269966eb4233725e9fff1428fb6cd18a2ffbc8e774b9281922d7eed05a92c9a19959aa326
https://app.ithenticate.com/report/8468523/similarity?source=4021370645&dsc=1&id=16888&node=772&dn=f35fa7e31ba6c7e9942c41b59acd66231ede6a4d04bf8d3ffa57b4a0076fc27832fd9644faebb94afadeb701aa96d67f6600d91765076b9ea31754984ab93b0e
https://app.ithenticate.com/report/8468523/similarity?source=2038871587&dsc=1&id=17456&node=304&dn=a6a5e8205b5af4cecec1d16deeb84502a987d838172a06166952d0cae15a56ac5526ef5ab49592d4258bbb99ab007e8ad3e92df8a4e4e4cc815f056dc16dc07a
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NMR and the spin lattice relaxation times (T 1) in

boron nitride nanotubes to decompose and identify

hexagonal and rhombohedral phases in the BNNTs.

14 It has been proved that N

NQR spectra can provide sufficient information to infer about the tautomeric 14 form of a

compound

and,

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

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

https://app.ithenticate.com/report/8468523/similarity?source=7282224&dsc=1&id=8770&node=37&dn=15ecd5f992e41a39c9b3870094ea36c2731245e1ccbda161063b774f983f1846db31a0a0658b1dd65b8482ca50607caadb1c860e7e6c0daf33a2aaac5fe1b9b8
https://app.ithenticate.com/report/8468523/similarity?source=7282224&dsc=1&id=8769&node=37&dn=cf6106f4986067d92a5e8c13a47b5cb3d4f40e64f4c605034567051a455934bf74441d89612e63cc48ff5e97e212f302fcee2ef86e6b286a1b08963a0e8f3624
https://app.ithenticate.com/report/8468523/similarity?source=3107632&dsc=1&id=9839&node=37&dn=fda05ab022d11bcf81ca8a06e483528586ea6a13eabdc6ca8334c394fce4c9a765730fa2842d4f8b8d83a368c7b733ccdf3faf35c2507ab37129b0531dbb49f8
https://app.ithenticate.com/report/8468523/similarity?source=3107632&dsc=1&id=9844&node=37&dn=4e4eff9e4937fbfd54eb340ede2e7d7fd03a8c714c851480229c80a50b6d539e418172547d13da9cda324546b3c2484bdfd26122fbeae09527af385c658e0e6c
https://app.ithenticate.com/report/8468523/similarity?source=3485429124&dsc=1&id=18032&node=772&dn=b7920cf7377fcf69ddd0f0d678935a9cb7d7962f4463ce143db5a82e686d63992dcb027099dce773955b01fbda995b139faf14e0bddb6bec92b61a3367108a03
https://app.ithenticate.com/report/8468523/similarity?source=3485429124&dsc=1&id=18052&node=772&dn=8f1c911b320f9f50a795efc6cfa79d9d75c0fe3c9ca93a3f0c7dc1b1390590510692624a899cc935b3853fdf4bc8787e015c7fc941bbc64102dda559fdac78a8
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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 11 15 structure impact the resulting B and N NMR 11 14 and

also B and N NQR observables, and the electrophilicity index, ω, 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 (I>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. c 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

proportional to c and h; therefore, quantum chemical calculations permit the evaluation of

https://app.ithenticate.com/report/8468523/similarity?source=3485429124&dsc=1&id=18043&node=772&dn=a99b27b81eba40f66e0260231fac53245b21ea30aad9a5190577633ee443eab7931cb1d14dc7070a50e9a0d11d46b2b0f5ff1e852bd1f4029c1108ec5e904d63
https://app.ithenticate.com/report/8468523/similarity?source=3485429124&dsc=1&id=18046&node=772&dn=761e3567f92527c229fd915f413c39ff47e3f42b357a7f7633da43de01baa1d16bac1da2f21f160650d87beb464c0d984586a317e595a71e2953afd3b9139668
https://app.ithenticate.com/report/8468523/similarity?source=19870744&dsc=1&id=274&node=37&dn=b07a4bf3395c536d1906698d4d81a7956cd71f9a6f6e95326b4d972cb7dc0d1ecea573dc75fde339ec5352aaa6161d3a3d8ae409dec27d869e65a636b61e0fec
https://app.ithenticate.com/report/8468523/similarity?source=19870744&dsc=1&id=280&node=37&dn=ddf613c2e04eaf076696ec6a6f2183baeac18b6ad23966d998584cd477dc482feef4586d395b83109e9e645abac6831d198156dd8d1ef8b5a6eb84dbd8f24c42


1

1

23

2

44

2

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 ) and NQR iso parameters c and h (Tables

2, 3, 4 and 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

a HOMO–LUMO gap (eV) of the of magic BN fullerenes Structure E Energy gap B 12 N 12 -956.349 6.75 B 16 N 16 -

1275.305 6.29 B 28 N 28 -2232.148 6.80

In the present Letter, the electrophilicity index, ω, of

threeBNnanocages,

B N 2, B N and B N

12 1 16 16 28 28

is evaluated from the IP and EA values computed by vertical ionization at the B3LYP/

https://app.ithenticate.com/report/8468523/similarity?source=19870744&dsc=1&id=280&node=37&dn=ddf613c2e04eaf076696ec6a6f2183baeac18b6ad23966d998584cd477dc482feef4586d395b83109e9e645abac6831d198156dd8d1ef8b5a6eb84dbd8f24c42
https://app.ithenticate.com/report/8468523/similarity?source=19870744&dsc=1&id=308&node=37&dn=6d91c21426bf53671999b71b148416d46f3c053b94fcfa4a804406aac68985978942e8952bd97b09320fa57063549a959c38517d1b89e9501db78e2a44d5319a
https://app.ithenticate.com/report/8468523/similarity?source=19870744&dsc=1&id=313&node=37&dn=2328c0b8cf47557f17a182595cea20cdaa09dd6fd082ae3f5cde29cff5bc4ac28c77dff15229b10ac092f0fa3ef9d02da993bf3fe85bf413ed4560e33db457f6
https://app.ithenticate.com/report/8468523/similarity?source=2901076&dsc=1&id=4703&node=37&dn=e07d3f5f289485d4566c1a82c48f1833357a14daabdb9bc9ccad1321ed9342a2fa7bedb7739bd1ad3d627dac8ec3c996cd6971ce2e58b65fa28ff0a89de3be22
https://app.ithenticate.com/report/8468523/similarity?source=2906012&dsc=1&id=583&node=37&dn=0f52706b0e88fc4a1c2dce52a3150d45f8df944ea11592bf35bf2c9abb56a1132916ca4845aa4b87380a5b335c1678d08547c95581957502b6aea420004a11c0
https://app.ithenticate.com/report/8468523/similarity?source=18467744&dsc=1&id=10699&node=37&dn=de958a45216111fda70cfe9652f98b287fc2d09b2ef6d6cd8d6997afad112776cc2c0ed2e1c55675b32690966be087657dabe6ff03a7cbba7e57f7282d511dd1
https://app.ithenticate.com/report/8468523/similarity?source=2906012&dsc=1&id=585&node=37&dn=6a57936be7d9cc2513ce53cdaf8ca6498186f0cdac981d3708429a1614f9332ea9e3fb9990b01d1d45dc02ba2c59cbbb14161c683e227b0229fbf458996748c9
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6-311++g(d,p) level (Table

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

data are currently available on

σ or c values and the electrophilicity iso index, ω,

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

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

as a first prediction for the magic fullborenes.

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

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

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 1 2 3 4 9

12 14 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

https://app.ithenticate.com/report/8468523/similarity?source=2906012&dsc=1&id=585&node=37&dn=6a57936be7d9cc2513ce53cdaf8ca6498186f0cdac981d3708429a1614f9332ea9e3fb9990b01d1d45dc02ba2c59cbbb14161c683e227b0229fbf458996748c9
https://app.ithenticate.com/report/8468523/similarity?source=7794823&dsc=1&id=7014&node=37&dn=bdb956d93f54936aff089068743679511e6306591d520263cdf49d87fa4cf2243715d6430d65f4c4e060e8881f66264183c0cfd33de856e4ab0871765ab0aa9e
https://app.ithenticate.com/report/8468523/similarity?source=19870744&dsc=1&id=318&node=37&dn=2c25e9de231a1b1ac9a73c3d49788f3a7aea16304231c814a50649f5f19ad6f56c0b5717815ce4dafd2fad4cb2954deca08db18f722d4459f70bc821b3a42f91
https://app.ithenticate.com/report/8468523/similarity?source=5082781&dsc=1&id=3934&node=37&dn=81253c110e5720f63ecaf1f76b87fd0693cf46ef8d4d3d58fd8952bf38720fa1f09dbb189c1b22155bde59e8342e6d532546322536523d162bbaa609ab89fa03
https://app.ithenticate.com/report/8468523/similarity?source=19870744&dsc=1&id=326&node=37&dn=aa610b7d5fa1d4f0cfc8a70d01ef9fda77f7f94daee4a1f1085019cbc27d9d6db40e016f9560def9de5b1e955943e66545f08fe9fa8741d7e6691b16a51bb0cf
https://app.ithenticate.com/report/8468523/similarity?source=19870744&dsc=1&id=394&node=37&dn=7a826eb451db1675b296d5e348f4c8e230f1e44d48e824235a723cfb7323bc5e7c12bda9bb63a7b6dd24dcf2ef651d21a656405e92446d5bf61aa94ce389b7f1
https://app.ithenticate.com/report/8468523/similarity?source=19870744&dsc=1&id=316&node=37&dn=424c2618d1394a974c609b080d4ce739fff3e3b7398d94dcdf1320cc5886dcb5781d93908f60fd70aa903fafe210a7898ae9b1e06ccfb78a4d778760b1c6ced5


16

14

16

1

5 6 7 8 10 11 13 15 18 19 21 23 107 107 107 107 107 107 107 107 107 107 107 107 142 142 141 142 142 141 142 142

141 141 142 142 Boron Nitrogen Atom no. Isotropic Anisotropic Atom no. Isotropic Anisotropic 1 2 3 4 5 6 7 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 41 41 39 39 41 42 9 10

11 12 13 14 15 16 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

The quantum chemical calculations at the level of density functional theory were performed

on the

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 Anisotropic 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 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

optimization by the B3LYP exchange-functional method [48,49] and the 6- 311++G (d,

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

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 56 123 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

geometrical optimized models by the B3LYP method and the 6-311++G( d,p) standard

basis set to evaluate

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

NMR and NQR parameters, respectively (Tables 1-

https://app.ithenticate.com/report/8468523/similarity?source=5137618&dsc=1&id=1078&node=37&dn=a6cde1e509005cdf7fec0852f588db70f5b7d90688066e11741b9b0cb61e8694f3d5c3025fd9b2ca72a98a5ee0bc6333c2c9caea5cc330a20b791fc6ff5c28ee
https://app.ithenticate.com/report/8468523/similarity?source=26880930&dsc=1&id=5480&node=37&dn=e2f4b7578c28eb23c33e2f86359b9fc1f70dca344d8b57b1eb73af7c670bbf698da8d55d075d11aaa115669dbf8a58cb4033a7a0782b4d37d3d9d8067bd5d4fb
https://app.ithenticate.com/report/8468523/similarity?source=5137618&dsc=1&id=1085&node=37&dn=0f04e6fce419f47b9ed7a940547ade81d817b29302a85697691f9494f26b84880e9770dc39abc13b66c1598ee694247aa9414f9ce646d495076563dca7f334fc
https://app.ithenticate.com/report/8468523/similarity?source=19870744&dsc=1&id=484&node=37&dn=3e766560b123551e4f660aeb3b56376abba11570d9d5d2908e874798b83c6ecebbdc284a2f4321ebbe7b7961d9f163fc97f103f36ccc3248613840000fbd84d8
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7). a,b Table 5. NQR parameters of optimized structure of B12N 12 cage Boron Nitrogen Atom no. c (MHZ) h Atom no. c

(MHZ) h 1 2 3 4 9 12 14 16 17 20 22 24 1 2 3 4 5 6 7 8 17 20 21 24 27 28 29 32 3.22 3.22 3.22 3.22 3.22 3.22 3.22 3.22

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

0.11 0.11 0.11 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 5 6 7 8 10 11 13 15 18 19 21 23 9 10 11 12 13 14 15 16 18 19 22 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

0.98 0.98 0.74 0.74 0.78 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. c (MHZ) h Atom no. c (MHZ)

h 0. 65 0. 65 0. 65 0. 65 0. 002 0. 65 0. 003 0. 65 0. 65 0.

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

for 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

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

0.07 0 0.13 0.13 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. c (MHZ) h Atom no. c (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 0.43 0.92 0.43 0.43 0.92 0 0.92 0.43 0.92 0.92 0 0.43 0.43 0.43

0 0.43 0.92 0.92

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

shieldings

[50].

https://app.ithenticate.com/report/8468523/similarity?source=19870744&dsc=1&id=484&node=37&dn=3e766560b123551e4f660aeb3b56376abba11570d9d5d2908e874798b83c6ecebbdc284a2f4321ebbe7b7961d9f163fc97f103f36ccc3248613840000fbd84d8
https://app.ithenticate.com/report/8468523/similarity?source=869170861&dsc=1&id=14541&node=43&dn=eb72d9841ce433d7241a4d0cd297fc04fcad64e567d5ee87158a60caebdd168cb2e6b6fa1383a9043faa3773977ece5bfdd6f4bff7a79de76e90fcf0977b09a7
https://app.ithenticate.com/report/8468523/similarity?source=161097990&dsc=1&id=17343&node=304&dn=d500452f356a31f3fbe8c4b398107bbe10a7810ffabc4b82f90d41029624d0fdd3be1017a94cdf0e64daa22b9027cd4fbc2a6ccceac8e5144ba64c702fcdd82e
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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)

calculated ionization potentials, IP, electronic affinities, EA, chemical potentials, µ,

hardnesses, η, and electrophilicity values, ω (I,A), a (IP, EA, µ, η, and ω (I,A),

in eV) for the

magic BN nanocages Nanocage IP EAµ η ω(I,A) B 12 N 12 9.59 -0.16 -4.71 9.75 1.14 B 16 N 16 9.12 0.20 -4.66 8.93

1.22 B 28 N 28 8.94 0.13 -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 (σ , σ , σ )

when discussing the magnitude 11 22 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

https://app.ithenticate.com/report/8468523/similarity?source=19870744&dsc=1&id=486&node=37&dn=059c4b4aaae0fee4e2d971171c4c6302b84eac348a9fbaffedd26bdd9b2f730a25b3c7e12c9214570da2ee30b90d97345fecb2e3da428fc61ffabb1d1a390a74
https://app.ithenticate.com/report/8468523/similarity?source=2892082&dsc=1&id=12975&node=37&dn=d0c014a8b795f5870448acebe04646993bd0b3c27a962d4ddf821ffc406c2cde8ad58e6386f38bb88176cd821c664ece338133bc0b64c947e0f60bdc2cc5a730
https://app.ithenticate.com/report/8468523/similarity?source=2906012&dsc=1&id=607&node=37&dn=bf81de99d7cee6875f4d88f5790933a08624b7d4d1924291011a082e2d49a63e4f9b7b96f19ab682cb47f341f5aa7fea3c40c7817b19911738c59dafcc611b19
https://app.ithenticate.com/report/8468523/similarity?source=2038871587&dsc=1&id=17462&node=304&dn=2a82f645946b63433854c6c4cf5ffae46eb9d7846a51630cf5411d0af535f9e1cc6f066bdc95c118bfee4ab930e90fd6c8aae12e36e97ee925ba5712672d77ae
https://app.ithenticate.com/report/8468523/similarity?source=2038871587&dsc=1&id=17463&node=304&dn=1e77d71354be5316a969994426b37f0de5ab835c45968d265799fde10138b740d1c199a2d0cd556ad9ee76b0e703dad4e8cb347facd5a55fff4088629eb669a7
https://app.ithenticate.com/report/8468523/similarity?source=2038871587&dsc=1&id=17466&node=304&dn=7571a674f9dc51ace194d215d00934ec26bf8e002fdbd8ad080e171ee034452247ebc8229012da0ab4705a5d3852e2af5fecc0eb80ead0334a7a3eb334609c91
https://app.ithenticate.com/report/8468523/similarity?source=2038871587&dsc=1&id=17469&node=304&dn=30e79dd3496146642d4d7314680650b7b8735b9322014fc5925d81236c04e58e95b709a4b35444513c420a13f720a9aa5558af7a8a31ba0df57b707ecadbe48d
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trace), σ , of the shielding tensor iso which is defined as:

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

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

σ =1/3(σ + σ + σ ) (1)

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

Dσ= σ -1/2(σ + σ ) (2) 33 11 22 a See figures 3 and 6

for more details. b Compare the data with

the results of [42], [44].

a See figures 1- 3 for more details.

A. Boshra et al. / Journal of Nanostructure in Chemistry 2 (2) (2011) 104 The

assignment or ordering of the principal com- ponents in the atoms CSA tensor depends

on the convention used, but for this manuscript the principal components are defined using: σ ≥

σ ≥ σ

33 22 11

https://app.ithenticate.com/report/8468523/similarity?source=2038871587&dsc=1&id=17469&node=304&dn=30e79dd3496146642d4d7314680650b7b8735b9322014fc5925d81236c04e58e95b709a4b35444513c420a13f720a9aa5558af7a8a31ba0df57b707ecadbe48d
https://app.ithenticate.com/report/8468523/similarity?source=8771255&dsc=1&id=57&node=37&dn=52254dcd02714a79ce8e60830a5b9e8beaa7e44fbc824ed557a5b956fa2922e2a4786f6e0e9ff9406918b72173aa3de1256415b2346ac2c85911f441a4ac5fe9
https://app.ithenticate.com/report/8468523/similarity?source=365238387&dsc=1&id=16943&node=5&dn=0c19a9acf821284b8e2009bf386fa7d601e4cfc18ef1caf2e3a973f0c2a4e01ac081030a6fcdf54411e4a4572686fbdbae54629e526502c0213cbc2a8811d85e
https://app.ithenticate.com/report/8468523/similarity?source=69200483&dsc=1&id=176&node=4&dn=aae34cbb6fb84a033f2cc3834282c8375c0608a221f300ed80ff10a2d25b692c60eb8ff71ed6f497236b881017c1f18ec956f297801f48e191fb3facf3a1de3a
https://app.ithenticate.com/report/8468523/similarity?source=69200483&dsc=1&id=173&node=4&dn=2ebbaaf010c27b2e253d42f8f8bd25359508b178f203c379a3105697ea344e336b090afd38b9f3437be607826f898d6338059a8f6fc68489d3d3adc91ded2354
https://app.ithenticate.com/report/8468523/similarity?source=2038871587&dsc=1&id=17475&node=304&dn=2e00b160fb7bfcfe3ae93298977ec1248f9bee97fcdf0794040a91124e1b325eece4937120879b2f7f4c643d7e023d9d41ef3407e0d6898931007daa9e62db05
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The NQR parameters are the nuclear quadrupole coupling constant c 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:

2 c=e Qq zz /h (3) h=|q - 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 (I>1/2). The EFG tensor eigenvalues were calculated in the principal

axis system (PAS) using the relation

|q |≥ |q |≥ |q |. zz yy xx The

standard Q values reported by Pyykkö [54] 14 were employed

in Eq. 3: Q( N) = 20.44 mb and 11 Q( B) = 40.59 mb. Tables 5, 6 and 7

show the calculated NQR parameters for N and 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

https://app.ithenticate.com/report/8468523/similarity?source=19870744&dsc=1&id=518&node=37&dn=8fabf6a4043afafcd24611878f674202ef5968b9dd6bdaad16ded5826e3def0dfcc6e8a0574a42e3ebd7764c08ee1aacc11ebb01c5969774f93ed2d995f50290
https://app.ithenticate.com/report/8468523/similarity?source=19870744&dsc=1&id=526&node=37&dn=59f8404ee59a1a9cce4adf3adc8ab7d4851677245246016e2400285e0174eb28e022dd689b6bba91e506a54375efc5307be5d65390526261fb6d1c080b98517f
https://app.ithenticate.com/report/8468523/similarity?source=29006268&dsc=1&id=8182&node=37&dn=51ad8aba7e1cd81787cdc5a701f22e11e52e78e4dcd952384bcff1d37dfb89dfa9277e5d01f6d8ef38fb8d5a20543677b6080e97e7b5feb0a8bc377a36c94d69
https://app.ithenticate.com/report/8468523/similarity?source=19870744&dsc=1&id=537&node=37&dn=7407e520c711633466ec0d53c47c0f0c0b6817e934588819f4941d84bc5998ee86afce3edd54912a97cba3487a4b508d4b19118c4a2c8786dfd1872270c36463
https://app.ithenticate.com/report/8468523/similarity?source=19870744&dsc=1&id=334&node=37&dn=04bcc7f5272abde286a69b9b281bb39562681f83421a1bda1732b72d5af92008439afefc37b7723258f9efedc23cc4812cfb9e1671308ed81b28dda54b759ddb
https://app.ithenticate.com/report/8468523/similarity?source=19870744&dsc=1&id=336&node=37&dn=bb2ef575408bb9e93d2c69ef1ebba4ffab9132ed380a57165a9cf06eb262a1adae56287d116e846d7518c19f37d3f31590d30d4c3bf3e2fbed4631fe596d3aca


7

2

2

2

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 ω, which measures the stabilization

in energy when the system acquires an additional electronic charge ∆N from the environment, has

been given the following simple expression

[56]: 2 ω=µ /2η (5)

in terms of the electronic chemical potential µ and the chemical hardness η. The

natural way to approximate the µ and η in DFT is evaluating directly from the IP and EA

energies: µ =-(IP+EA)/2 (6) η =IP-EA

(7) The

electrophilicity index encompasses both, the propensity of the electrophile to acquire an

additional 2 electronic charge driven by µ (the square of electronegativity) and the

resistance of the system to exchange electronic charge with the environment described by η,

simultaneously. A good electrophile is, in this sense, characterized by a high value of µ and a low

value of η. 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)

https://app.ithenticate.com/report/8468523/similarity?source=19870744&dsc=1&id=336&node=37&dn=bb2ef575408bb9e93d2c69ef1ebba4ffab9132ed380a57165a9cf06eb262a1adae56287d116e846d7518c19f37d3f31590d30d4c3bf3e2fbed4631fe596d3aca
https://app.ithenticate.com/report/8468523/similarity?source=32974346&dsc=1&id=1564&node=37&dn=9c34b4acdf2226cc265d057628cb03236259fbb5d7baf374482febe368cda39a09c165074c1bc4ab800bef65512c2e0cb22bfab4fe3b1bc1719222ce129b05cd
https://app.ithenticate.com/report/8468523/similarity?source=2906012&dsc=1&id=589&node=37&dn=a2a7a727da3bb1c53c0f6e5830ee5b8c814199ba345d92fa90cc0d1378db89a19455b6da7da510d1fc18b888f6bcb1b5a1ff8d3976316a03841fd067cbc1ec8e
https://app.ithenticate.com/report/8468523/similarity?source=2906012&dsc=1&id=600&node=37&dn=117bd6a8c076b87ab4a9ddd4587201ea3a9991e7ea66c26be34640a226160c149f186b608f6fd5cf4acfe9c536acb639c3c0afebd5ae680958c3c261709f43b9
https://app.ithenticate.com/report/8468523/similarity?source=2906012&dsc=1&id=594&node=37&dn=a2ce0204708ad80d723481bf3d12758927f5dfbec0b28c3071f5de232bc3344a160c1902eb255724eb67f8a33b782013ec682eb63412d4e095684c58fd53b052
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(2011) Hartrees)

and the HOMO–LUMO energy gap (in eV) of the

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

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

due to lack

of electrons in valence shell of boron atoms and

the presence of

lone pair of electrons in the nitrogen atoms valence shell.

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

As table 2 presents the B N 12 12 fullborene just show one peak (64 ppm) for boron atoms and also one peak (107

https://app.ithenticate.com/report/8468523/similarity?source=2901076&dsc=1&id=4707&node=37&dn=de8cde85c0574cac5e419601a198450c02e6e5e973a1b60c87865efb85ac3bf9001c3469c6f9a86d30c36f409d45e9f3e2608d9d7ee2c25665a17604a596a917
https://app.ithenticate.com/report/8468523/similarity?source=4131134&dsc=1&id=6540&node=37&dn=30fe9a4905a0964d1e92ae46dc36ff3c10e215bb933ceabd5fe8b5bafc415a44e39b6c002546d1755c5bf0830a4fdc57c2813252cfe6a5c7d7c25a0fceae3e7d
https://app.ithenticate.com/report/8468523/similarity?source=19870744&dsc=1&id=341&node=37&dn=edff5f59a80aeb08d28fad657b2563f0ebceb4395c67f6dd90041a70eaa90b8b78de5b5fc2a793d059b64c0648cb5baa1fa7c2a523e16d8da953b44d8ce0a28b
https://app.ithenticate.com/report/8468523/similarity?source=28674410&dsc=1&id=11796&node=37&dn=654cb07cc17399ea4a70f70ac133508db7e36cd431ccebf3a52dd9a87bfef10b59d123d8a6e1939c49a7e1b1bb6cd4be5fc3f0e3801066b32b41472b8819c9aa
https://app.ithenticate.com/report/8468523/similarity?source=28674410&dsc=1&id=11793&node=37&dn=5c95f77d782d82054f5ae781f42b32bf182b06b642ef5b6636a5d490c4451721fdbf432b658f169f6ccbf9f73373f7851a27b319af0781d5cdd4dd1db0faba2a
https://app.ithenticate.com/report/8468523/similarity?source=19870744&dsc=1&id=339&node=37&dn=5926dfc814f3196f1eef77d124a0248e73da2947ff4a2c5c6414aba3fc054aa509582e600d1788d1c47a23c3b7add05af7903bc2d13ec276146c7548442d2091
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ppm) for nitrogen atoms. In table 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 and 71 ppm

shielding of the signals from boron atoms and ~96–99 ppm and 123 ppm chemical

shieldings from nitrogen atom signals in 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 shown in tables 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

https://app.ithenticate.com/report/8468523/similarity?source=19870744&dsc=1&id=346&node=37&dn=d1b733ceb236d3e635cc97b2e8c1fdcc5768bc98c7a0ff7fe3fd8ee63058f65b0dcfe5db1e60f28f347a03b9773cbf53a42e06a003dabb4e9aee7e169371d7e1
https://app.ithenticate.com/report/8468523/similarity?source=19870744&dsc=1&id=355&node=37&dn=50a16e8402b0cd2bba84713941b098388c1d9bff0ca637942e76de6dd234f91fa2c477ab42652a8707534f0c114af66fcd115388819c3a0ecc344704da745a48
https://app.ithenticate.com/report/8468523/similarity?source=19870744&dsc=1&id=356&node=37&dn=94b5b842a22266cf0f1f8be582e87acb792cefbc7fbacd27ac85f9886e8c11a5ef036a0bdedb59394be702f191b357c9a751796e84f8556de881c760e977ee6a
https://app.ithenticate.com/report/8468523/similarity?source=19870744&dsc=1&id=372&node=37&dn=1c314a3c0af425064a57d113d6359b141c016fd95ac0b46d1c0a3eecf342093581ad2a0ea254f7b247ee9dd74baac42edd8e0123a0251bb09a76c3c7f479cd8c
https://app.ithenticate.com/report/8468523/similarity?source=19870744&dsc=1&id=392&node=37&dn=bbfe343800d7d530ee74a2e658d8cc9763530da46a1972d463d383adcc2bb977173222fee8989520676ab91bc8c543273d16066a52ffd9e369957fd294829312
https://app.ithenticate.com/report/8468523/similarity?source=19870744&dsc=1&id=393&node=37&dn=1571ed96a1558419b2801461a5af5f86ca19e19024dafd3877b5a86dbbc83eae4fccc05c3a0c25b8305ecff0f85e4a3b4ff0a0a76c29a9f892136a6a490dd1e7
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environments of these magic full- borenes

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

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 c 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 c 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 c 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

atoms which are located at the corners of the

6 tetragons (Fig. 6) have the smallest c 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 NMR and NQR

spectroscopic parameters

of magic BN fullerenes but

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

NQR

https://app.ithenticate.com/report/8468523/similarity?source=19870744&dsc=1&id=397&node=37&dn=31c09199b3f458e3dc7e66714023fac6feced8fcd9a347d2f2a8b6822c6e07c14fc2fde096bff9027799ff0d792e20cef19def984df423696a28f70b8716960a
https://app.ithenticate.com/report/8468523/similarity?source=2898751&dsc=1&id=6360&node=37&dn=174d03129ae5822b7f7c718275689a32ac4f8d3f62c20c1c82755fc0ff7f635c086d73e3586c77c464ea7e870c82316d5f213686fda7934f0bd18bc433f9b0f8
https://app.ithenticate.com/report/8468523/similarity?source=69200483&dsc=1&id=113&node=4&dn=c8f77c34e8c3349221a03c55146e3336f9374bb77d5a2429d735bebc15ed8cf7ffad6c98f3622ed8c066dd668abd4c229257f2757b0b5d57a0f39e6e395d7e81
https://app.ithenticate.com/report/8468523/similarity?source=19870744&dsc=1&id=382&node=37&dn=e9141cf35a50ff9000e374e34683e2a8535a66d193190410f9b8ee7e93e9992722cc1996d55d3c3e24e46444bbe98db0421ab33c3cac2b4a0f2f940250ccd40e
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para- meters of some related BN material

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

A.H.

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 c

=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 obtained by G. Jeschke et al.

in cubic and hexagonal boron nitride for boron

atoms[63]. Considering the fact that BN nanocages have structures different from the mentioned BN compounds,

https://app.ithenticate.com/report/8468523/similarity?source=19870744&dsc=1&id=386&node=37&dn=948b5950c08b12f8ecdbdcb28e0273ea626a5f2f79f40360cf292204dde93f02737eee98276faf225e954952ac57667dac5b0d895a86900ea811b92a1b43386e
https://app.ithenticate.com/report/8468523/similarity?source=69200483&dsc=1&id=117&node=4&dn=f587087bd9e272b3545d8a130ee771be68649bd87a2550245932b829e8f17a7ea83c1b0740298b20f12e91288323af59c5b40d52bee0682fe54e6df40e9085ff
https://app.ithenticate.com/report/8468523/similarity?source=69200483&dsc=1&id=118&node=4&dn=14e3f4d1e2e7b5366cced60b63be2faeb13160c51d65b6d355222999d5d9cb728af0fc99f5795c805317a7ef6b545c247ee957705c6d43f31398a58370d8cf96
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the theoretical values of this study

(Tables 5, 6 and 7)

are in good agreement with the 14 experimental data. The

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

disagreement between experimental and theoretical 14 values for N in the presence of a

better agreement 11 for B (theoretical values between 2.773 and 3.604 MHz), suggests

difficulties in describing correctly the distribution of the nitrogen lone pair in the theoretical

calculations

[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++G∗∗, 6-31++G∗∗∗∗

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 χ 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

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

https://app.ithenticate.com/report/8468523/similarity?source=69200483&dsc=1&id=129&node=4&dn=c0272805232d5bb9c8986a30ea3004130c7bcf25d3730303018d3edb7e0d20cc706fc2165c2ea1ed57a473ce8f13ab3cc6421e7151d4814d66be4ab16251c62a
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https://app.ithenticate.com/report/8468523/similarity?source=5082781&dsc=1&id=3955&node=37&dn=9942f4c399c733d87d5f015c1ad0883fa305978f59d177d675f0dfc0a7b9eedff1c0210448311b87b2887415bce93295d65c5892494f45573acbf5b37b0aa4bb


8

2

2

15

15

18

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, ω (I,A), With the IP

and

EA values calculated in the com- putational methods Section,

we have computed the electrophilicity indexes, ω (I,A).

The corresponding values are collected

in Table 8. It is observed that irrespective of the increase in nanocage size, electrophilicity

does not change

significantly. For these BN nanocages,

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

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 12 12 potential to change in the number of electrons

https://app.ithenticate.com/report/8468523/similarity?source=10080975&dsc=1&id=1461&node=37&dn=36e6efe8ecf8093b650f609737166cc522236a3765eabfc2535ac4d5cc0fc001d4a044377103b5022d53d0ce155e265dc2d9fa532ccd5430bcf816d851794191
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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, ω, in the three stable structures of magic fullborenes:

B N , B N and B N

(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 structure is 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

https://app.ithenticate.com/report/8468523/similarity?source=19870744&dsc=1&id=408&node=37&dn=fd1895c54504387ded69dca9c369259be5207921266971b9674f1190a3ee262668278100d10c3dc835b8b1716ab4a37b665ed6ec925877734f4414cb6499f605
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https://app.ithenticate.com/report/8468523/similarity?source=19870744&dsc=1&id=412&node=37&dn=fb0994f56d17236373365f6c41ba04efbaaea49048f49f7fc700c5e8859553dbcf06cc04813897da5bfd78a0224310d28cf74aa239e8ce5731a908faf5da5630
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calculated chemical shieldings (s ) indicated iso that the N nuclei in B N

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 nuclei and at ~66 -68 ppm to Bnuclei in the B N model

16 16 (Table 3, Fig. 5),

so this model shows two peaks for N and one peak for B nuclei, respectively.

The

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

123 ppm which are attributed to N nuclei and two peaks at ~67–68 ppm

and 71

ppm which reflect the chemical shielding of 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

https://app.ithenticate.com/report/8468523/similarity?source=19870744&dsc=1&id=419&node=37&dn=ca2e62364d645d641d82a5857607b69b1fdee4b7854a311b1311ee4dcfa6cda5900a6755aafd0ef05ccb0ed0c8764a1e6a7d0203fb060cf3efdf3c6fd3650eb3
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https://app.ithenticate.com/report/8468523/similarity?source=19870744&dsc=1&id=449&node=37&dn=bca50976acdb4031f2065700f931afd172e6ba6fd0f78b7a26b84240061d7501aee2c1f62bd10ddd147a593863a261405433e7edededde878fea9a1415d2b783
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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 c values of the B nuclei in all the cages do not show tangible

changes, whereas the c values of the N nuclei do 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 c values A. Boshra et al. / Journal of Nanostructure in Chemistry 2 (2) (2011) 108

of the B nuclei in 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, ω(I,A) which have computed via the IP and EA values (Table 8) presents the largest

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

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

among magic BN fullerenes. The results show that there is no considerable change in electrophilicity index of these BN
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