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AbSTRACT 

 There are no theoretical or mathematical reports of a statistical approach in NMR shielding 
and nucleus independent chemical shifts, while the asymmetry (η) and skew (κ) parameters are 
fluctuated in short distances and are alternative in long distances. In the case of axially symmetric 
tensor, σ22 equals either σ11 or σ33, skew is κ= ±1 and by changing asymmetry between 0 ≤ η ≤ +1 
skew will be changed between -1 ≤  κ ≤ +1 , meanwhile the parameter “κ” is zero when σ22 = σiso. In 
this work, we have investigated a statistical method by computing of Nucleus-Independent Chemical 
Shifts (S-NICS) in point of probes motions in a sphere of shielding and deshielding spaces of SiO2 
rings. Monajjemi in the previous work24, has  investigated a new method as the name “ S-NICS” 
which this method is  suitable for calculation the aromaticity in the non-benzene rings such as SiO2 
rings which is a famous catalyst for organic chemical synthesize and reaction. Although S-NICS 
values for some molecules such as benzene, borazine and naphthalene can be indicated as the 
aromaticity criterion, for other cases such as BnNnHx and their hydrogenated derivatives, these 
values indicate electromagnetic index. Finally, we have introduced a schematic diagram of statistical-
nucleus independent chemical shifts for ab-initio calculations in Gaussian program, Games or other 
software.

Keywords: Catalyst, Independent Chemical, NMR shielding.

INTROdUCTION
 
 Electronic towards the structural aspects 
have proved to be an important key in physical organic 
chemistry in the explanation of structures, reactivity 
and stabilities of various organic compounds and 
natural product molecules1 .
 

 The chemical shift of a nucleus in molecular 
rings occurs from the nuclear shielding effect of an 
applied magnetic field. The magnitude of such an 
induced magnetic field is commensurate with the 
stability of the applied external magnetic field (B0).  
Thus the effective field (Beff) at the nucleus is given 
by Beff = B0 (1- si), where “1” is the unit matrix and 



2328 SOOFI et al., Orient. J. Chem.,  Vol. 32(5), 2327-2345 (2016)

si is the second-rank nuclear shielding matrix. In 
ordinary NMR experiments B0 is a uniform field along 
the z-axis and the resonance NMR frequency, vi, of a 
given nucleus in a molecule is therefore dependent to 
its gyromagnetic ratio, gi, as specified by vi = (gii/2p)
B0(1 - si)

2 

 The nucleus-independent chemical shift 
(NICS) is a computational method that calculates 
the absolute magnetic shielding at the center of 
the ring taken with reversed sign. Negative NICS 
values indicate aromaticity and positive values 
antiaromaticity3-5 .

 For further investigation of aromaticity, 
another method called the harmonic oscillator 
model of aromaticity (HOMA)6 has been applied, 
and is distinguished as a normalized sum of the 
squared deviations of bond length from the normal 
value7. An aromatic compound has a HOMA value 
of one whereas a non-aromatic compound has the  
value 0. 

 Several criteria for explanation of aromaticity 
can be considered and may divided into five 
categories, which are: (1) the energetic approach 
to aromaticity (2) geometrical considerations (3) 
reactivity of aromatic compounds (4) magnetic 
parameters of aromaticity8-10, and the (5) Statistical-
Nucleus-Independent Chemical Shifts approach 
(S-NICS) which is the subject of this work.

 In using the energetic cr iter ion for 
establishing the aromaticity of a compound, it is 
evident that the excess of stability of the structure 
is due to cyclic electron delocalization relative to 
suitable references systems11-12 . Moreover, Cooper, 
Gerratt, and Raimondi13 have developed some 
appropriate reference systems for calculation of the 
resonance energy. In using structural considerations, 
the geometry should show a decrease in aromaticity 
of bond alternation which have been reported 
by Julg and Kruszewski in several quantitative 
measurements14 . Monajjemi and Boggs have 
shown the low aromaticity of borazine in the rings 
of B18N18 and B15N15 by the non-bonded interaction  
method15-18.

 Regarding NMR chemical shifts and 
diamagnetic susceptibilities, protons attached to 

aromatic rings typically undergo a downfield shift from 
the olefin region; therefore, an up-field shift appears 
in the proton NMR spectrum19 . So aromaticity can 
be defined as the ability of a compound to sustain 
an induced ring current, these compounds are 
then called dia-tropic and antiaromatic compounds 
are called Para-tropic. NMR chemical shifts and 
diamagnetic susceptibilities , anisotropy is important 
when measuring a compound’s aromaticity 20.

 Recently aromaticity in terms of nucleus-
independent chemical shifts in long distances of 
NICS (1, 2.5, 3, and 3.5) Å, around the ring center, 
NICS (0), at the center of ring plane and aromatic ring 
current shielding (ARCS) were compared in several 
studies. In short range of distances (r<0.3) there are 
no theoretical or mathematical reports of statistical 
approach in nucleus independent chemical shift 
calculations, while the asymmetry (ç) and skew (ê) 
parameters fluctuate in behavior around the center 
of rings. 

 For further discussion of statistical approach 
in nucleus independent chemical shift calculations, 
especially in short range of distances, we have 
focused in relaxations of CAS, dipole-dipole and 
contribution 21. We have shown that the asymmetry 
(h) and skew (k) parameters fluctuate in behavior 
around the center of rings due to minimum isotropy 
in the center. The most fluctuations are appearing 
around the minimum or maximum functions 
mathematically.

 Nuclear spin relaxation studies in the gas 
phase had started in 198722. Spin-relaxation data 
in the gas phase provide a stringent test of the 
anisotropy of an existing intermolecular potential. 
In some cases, spin-relaxation data is a powerful 
test of the anisotropic part of the intermolecular 
interaction. There are other observables such as the 
Beenakker effects, depolarized Rayleigh scattering, 
sound absorption, and pressure broadening of 
rotational lines in the IR, which are also sensitive to 
the anisotropy of the potential23.  

 The basis of this work is on random motions 
of probes in the shielding and deshielding spaces 
of aromatic and antiaromatic molecules to consider 
maximum abundant of points in due to dipole–
dipole, CSA and contribution relaxations. The main 
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purpose of random displacement of various probes 
inside of shielding and deshielding spaces are for 
understanding of mechanism and consequences of 
anisotropic spin–spin interactions in short ranges, 
Although the relaxation of proton and hydrogen 
probes are much less, than the large ion probes 
such as Li+.

 In CSA, relaxation Chemical shift anisotropy 
(CSA) originates from the orientation dependence of 
the chemical shift, and hence changes under rotation 
of the molecule and induces minor variations in the 
magnetic ûeld at the site of the nucleus. 

 The time dependence of anisotropic 
interactions does however contribute to relaxation 
but the average amount can be time independent. 

 In this study, the major components of 
Haeberlen parameters, and chemical shift anisotropy 
(CSA) tensors have been calculated for borazine, 
benzene, naphthalene, BnNnHx rings (n=12, 15, 18) 
and B3N3Hn (n = 0, 2, 4, 6, 8,). The numerous random 
points around the center of those molecules have 
been produced by generation of pseudo-random 
numbers, which are distributed in a Gaussian 
function in the interval [0, 1).

 The hydrogenated and dehydrogenated 
structures of borazine and BnNn rings have been 
investigated to understand more about the unknown 
parameters of those rings in point of electromagnetic, 
aromaticity, delocalization mechanism, conjugated 
system and hyperactive conjugation in BN alternate 
systems. Therefore, the hydrogenation and 
dehydrogenation of borazine has moved gradually 
in two directions toward cyclotriborazane (B3N3H12) 
and B3N3 respectively .

 Our result has been compared by the 
energy decomposition analysis (EDA) method . The 
total p bonding energy and the p conjugation between 
three B-N p bonds in borazine is signiûcantly smaller 
than that for benzene and magnetically properties 
shows a singular behavior in borazine and B3N3Hx 
rings .

 Fowler and Steiner computed the total 
current density induced by a magnetic ûeld 
perpendicular to the molecular plane of borazine. 

They found that the p  currents are localized in three 
islands of circulation on the nitrogen atoms and 
concluded that borazine is moderately aromatic .

 Nucleus-independent chemical shift values 
(NICS) show a little and no evidence of ring currents, 
indicating with no aromaticity for borazine due to the 
polar B–N bond .In contrast, the S-NICS data shows 
a weak but stable aromaticity for borazine according 
to the 1999 deûnition provided by IUPAC deûnition 
of aromaticity.

 We have optimized various isomers of B3N3 
and B4N4 to understand which members of each 
group are more stable.  Scheme 1 shows that in both 
groups the planar ring isomer of B3N3 and B4N4 with 
B and N alternate are more stable than the others. 

 We have discussed the electronic properties 
in their structures to find the reason for relative 
stability in these rings in point of isotropy and 
anisotropy. Finally the electronic structures of BnNn 
rings of (B3N3) N for (N= 4, 5, 6) of B12N12, B15N15 and 
B18N18 has been studied by S-NICS method 24.

 Magnetite (Fe3O4) is the earliest discovered 
magnet which crystallizes in the inverse cubic 
spinel structure. Each cubic spinel cell contains 
eight interpenetrating oxygen and the tetrahedral 
sites, occupied by one-third of the iron atoms, form 
a diamond structure. The remaining Fe atoms are 
located at the octahedral sites with the nearest-
neighbor atoms lined up as strings along six different 
[110] directions. In other words Fe3O4 consists of 
a cubic close packed array of oxide ions where all 
of the Fe2+ ions occupy half of the octahedral sites 
and the Fe3+ are split evenly across the remaining 
octahedral sites and the tetrahedral sites .

 Both FeO and g-Fe2O3 have a similar cubic 
close packed array of oxide ions and this accounts 
for the ready interchangeability between the three 
compounds on oxidation and reduction as these 
reactions entail a relatively small change to the 
overall structure therefore, Fe3O4 samples can be 
non-stoichiometric25 . 

 Fe3O4 is ferromagnetic with a curie 
temperature of 858 K and The ferromagnetism of 
Fe3O4 arises because the electron spins of the FeII 
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and FeIII ions in the octahedral sites are coupled and 
the spins of the FeIII ions in the tetrahedral sites are 
coupled but anti-parallel to the former.

 Fe3O4 is used as a catalyst in the Haber 
process and in the water gas shift reaction . 

 The latter uses an HTS (high temperature 
shift catalyst) of iron oxide stabilized by chromium 
oxide. This iron-chrome catalyst is reduced at 
reactor start up to generate Fe3O4 from a-Fe2O3 and 
Cr2O3 to CrO3 . Fe3O4 is an electrical conductor with 
conductivity significantly higher than Fe2O3, and this 
is ascribed to electron exchange between the FeII 
and FeIII centers25. 

 Magnetite particles are of interests in 
bioscience applications such as in magnetic 
resonance imaging (MRI) since iron oxide magnetite 
nanoparticles represent a non-toxic alternative 
to currently employed gadolinium-based contrast 
agents. However, due to lack of control over the 
specific transformations involved in the formation of 
the particles, truly superparamagnetic particles have 
not yet been prepared from magnetite, i.e. magnetite 
nanoparticles that completely lose their permanent 
magnetic characteristic in the absence of an external 
magnetic field .

 As a half-metallic material, Fe3O4 shows 
normal metallic behavior in the minority spin, while 
at the same time there is a gap of ~ 0.5 eV in the 
majority spin at the Fermi level. From an itinerant 
point of view, the high conductivity (~250 W-1 cm-1) of 
the high-temperature phase is a natural consequence 
of the partially filled 3 d band of the octahedral -site 
Fe atoms . 

 Production of nano-particles can be 
performed chemically by taking for example mixtures 
of FeII and FeIII salts and mixing them with alkali to 
precipitate colloidal Fe3O4. The reaction conditions 
are critical to the process and determine the particle 
size . Nano particles of Fe3O4 are used as contrast 
agents in MRI scanning . Magnetic nanoparticles 
have attracted much interest not only in the field of 
magnetic recording but also in the areas of medical 
field of magnetic sensing. Especially, nanoparticles of 
iron oxide are reported to be applicable as a material 

for use in drug delivery systems, cancer therapy and 
MRI.

 On the other hand, most of the applications 
require magnetic particles to disperse in a non-
magnetic matrix. The matrixes play an important role 
in determining physical properties of the composite 
nanoparticle in addition to providing a means of 
particle dispersion . 

 Another important characteristic of the 
matrix is to act as the protection of magnetic 
nanoparticles against corrosion or oxidation 
especially in the case of metallic nanoparticles . 
Among carbon-based or oxide matrixes such as 
silica, alumina, titanic oxide or zeolite, silica can be 
a most suitable material for the matrix because of its 
non-toxicity, inertness to magnetic field and easiness 
to form cross-lined network structure .

 Silica surfaces are chemically stable, 
biocompatible and can be easily functionalized for bio 
conjugation purpose. Hence silica-coated magnetite 
composite nanoparticles (Fe3O4@SiO2) have been 
synthesized by many groups . Recently, silica coated 
magnetite functionalized with ã-mercapto-propyl-
trimethoxy-silane have been successfully applied 
to extract Cd2+, Cu2+, Hg2+, and Pb2+ from water in a 
wide pH range .

 Catalysts play a very important role in 
modern science and technology as they improve 
reaction yields; reduce temperatures of chemical 
processes in synthesis. There are two main types 
of catalysis, heterogeneous, where the catalyst is 
in the solid phase with the reaction occurring on the 
surface and homogeneous, where the catalyst is in 
the same phase as the reactants . 

 The heterogeneous catalysts can be readily 
separated from the reaction mixture but the reaction 
rate is restricted due to their limited surface area . 
Meanwhile homogeneous catalysts can react very 
fast and provide a good conversion rate per molecule 
of the catalyst, but since they are miscible in the 
reaction medium, it can be a painstaking process to 
remove them from the reaction medium . The difficulty 
in removing homogenous catalysts from the reaction 
medium leads to problems in retaining the catalyst 
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Scheme1: (a) Some optimized isomers of b3N3, and their point groups, (a' ) some optimized 
isomers of b4N4, and their point groups, in both of them, the rings with alternation of b and N 

are more stable and the arrangements of stability are shown. (b) The sphere region of S-NICS in 
optimized structures of b12N12, b15N15 and b18N18 Rings .all molecules are optimized with b3LYP/

EPR-II level. (C) The sphere region of S-NICS in optimized structures of Si18O27

for reuse. The bridge between heterogeneous and 
homogeneous catalysts can be achieved through 
the use of Fe3O4 nanoparticles. Fe3O4 particularly is 
useful and important group of nanoparticles in the 
magnetic nanoparticles (MNPs) groups which show 
strong magnetic moments that are rarely retained 
outside of the presence of an external magnetic 
field. These nanoparticles may be composed of a 
series of materials such as metals like cobalt and 
nickel, alloys like iron/platinum and metal oxides 
like iron oxides26 and ferrites27. Fe3O4 Nanoparticles 
of silica catalytic material provide the benefit of 
increased surface area which allows for an increased 

reaction rate28 . Moreover, nanoparticles can permit 
additional catalytic functionalities due to their unique 
properties29 .As instance, the MNPs being used to 
extract selected cells from biological samples and 
cultures30.

 A few catalysis of magnetic nanostructures 
have been developed up to now, including the 
preparation of nanocomposite materials consisting 
of magnetic core nanoparticles which have been 
coated by the shell of other catalytically active 
nanomaterials. Another type of catalyst which is of 
interest for organic synthesis involves the use of 
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organic molecules. These molecules show a large 
degree of specificity for their reactions and may 
allow a more successful reaction than conventional 
chemistry. Overall, the binding of catalysts to 
magnetic nanoparticles allows the retention of these 
materials after the end of the reaction for reuse. 

Theoretical background
NMR Shielding
 The reduced anisotropy [z = (szz - siso) 
= (s33 - siso)] (1) and anisotropy (Ds) with relation  

of  z including shielding asymmetry (h) can 
be defined as:

 ...(2)

...(3)
 In some cases of an axially symmetric 
tensor, (syy - sxx ) will be zero and hence h = 0. 
However, the asymmetry (h) parameter indicates 
that how much the line figure deviates from an axially 
symmetric tensor, therefore, (0 ≤ h ≤ +1).

 The shielding tensor can be expressed as 
the sum of a symmetric, an anti-symmetric, and a 
scalar terms, which are rank 2, rank 1 and rank zero 
tensors respectively as: W = W(0) + W(1) + W(2). 

 The total chemical shielding tensor “r” is 
a non-symmetric tensor that can be decomposed 
into three independent tensors as: (1), an isotropic 
component, (2) a traceless symmetric component, 
and (3) a traceless anti-symmetric component . 
In spherical tensor representation, as Haeberlen  
have pointed out, at a fundamental level tensors are 
better represented in spherical fashion, such that a 
general second-order property “s” may be written 
as s=siso(0))+santi(1)+ ssym(2) (4), where the number in 
brackets refers to tensor rank. Spherical tensors 
are intrinsically involved in considering  the effects 
of tensor quantities on density matrix  evolution, so 
the use of  this representation  is  inevitable  for such  
work. It is worth noting that:

And

 ...(5)
 The proportionalities in these equations  
indicate that  shielding  anisotropy  and  asymmetry  can 
readily  be  related  to  spherical  tensor  components,  
thus  facilitating  theoretical interpretation,  whereas  
the  relation  between  spherical  tensor  components  
and  span/skew  is more  obscure.  The isotropic 
tensor can be represented by a scalar average  
as :

 ...(6)
 The symmetric component of the shielding 
tensor has tensor elements with rij = rji. This tensor 
is responsible for the CSA relaxation most often 
described in the literature and can be  diagonalized 
by rotation into the shielding tensor principal 
coordinate system.The anti-symmetric tensor also 
induces CSA relaxation but this is almost impossible 
to measure because the induced effects are close to 
parallel to the external magnetic ûeld which cannot 
be diagonalized. 

 By this work, in a statistical calculation we 
have shown that a time independent average of (W*) 
can be replaced of all above sum of asymmetric, an 
anti-symmetric, and a scalar terms, which are rank 
2, rank 1 and rank zero tensors respectively. This 
method is based on random motions of probes in 
the shielding and deshielding spaces of aromatic 
and antiaromatic molecules to consider maximum 
abundant of relaxations points in due to dipole–
dipole and spin –dipole interactions.

 The magnetic environment of a spin  
is seldom isotropic. Therefore, is represented by a 
tensor of Span (W) = s33 - s11 (7) and 

 ...(8)

 In the Herzfeld-Berger notation, tensors 
have explained by three parameters, which they are 
combination of the major components in the standard 
notation. Those are including, the span (W), which 
describes the maximum width of the model, (W ≥ 0), 
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Fig.1: NMR Parameter (ppm) of span, Iso and Aniso versus atomic number

Fig. 2: NMR Parameter versus atomic number for Giao and bQ=0.03

Fig. 3: NMR Parameter verses atomic number for bQ=0.1
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Fig. 4: NMR Versus atomic number for iso and ZZ in GIAO methods and bQ=0.1

Fig. 5: NMR Parameter versus atomic number  for Span

Fig. 6: For bQ=).1(2)
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Fig. 7: ppm of NMR data versus atomic number

Fig. 8: Zigma Iso for the Giao=0.1(3)

and the skew (k) of the tensor which is a magnitude 
of the values.

 The accurate formulation of the span (W), 
including the factor of (1-sref) has been described by 
W = (s33- s11) (1-sref) (9). In the Haeberlen-Mehring-
Spiess notation, different combinations of the major 
components are used to explain the line figure, and 
is needed the major components become orderly 
according to their segregation from the isotropic 
value in this convention 

 The CSA relaxation rates depend on the 
anisotropy parameter in the standard parameters, 
of the shielding tensor, (s11, s22, s33), are labeled 
according to the IUPAC rules, and they formalized 
and adopt the high frequency-positive order. 
Therefore, s33 corresponds to the direction of 
minimum shielding, with the highest frequency, 
whenever s11 corresponds to the direction of 
maximum shielding, with the lowest frequency .

 Moreover the orientation of asymmetry 
tensor is given by 

 and the skew is ; (-1 ≤ 
k ≤ 6 +1), and related on the position of s22 with 
consideration of siso, the sign of k is either positive 
or negative.

 Based on our calculations especially 
various BnNn Rings, Benzene and naphthalene, 
(k) is mostly positive31-40, and the negative values 
are belong to some critical or boundary points. In 
the case of an axially symmetric tensor, s22 equals 
either s11 or s33 and k= ±1 therefore a = W/3, and 
the parameter “a” and “k” are zero when s22 = siso 

and the parameter “m” used with the Herzfeld-Berger 
is related to the span of a tensor. Meanwhile, the 
spinning rate is given by m = W*vref, 

 For a non-zero anti-symmetric tensor44 give 
the relaxation rates

...(10)
and s2 is defined by:
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...(11)

...(12)

 Where tr,1 and tr,2  correspond to the 
correlation times for isotropic tumbling and small-
step molecular rotation, respectively and in the case 
of axial symmetry (h=0) or for isotropic tumbling  
tr,1 = 3tr, 2.

 Based on recent works41-66, in this study, 
we consider a model of SiO2 rings as a molecule 
for Fe3O4@SIO2 catalyst using ab initio calculations 
within the density functional theory (DFT) for 
calculating the aromaticity of rings for organic 
calculations.

RESULTS ANd dISCUSSION
 
 Total shielding constants, orientations of 
the principal axes such as standard components, 
Haeberlen-Mehring, and Herzfeld-Berger parameters 
for Fe3O4@Si18O27 in various statistical situations 
have been calculated by DFT methods and the data 
are listed in tables1-5. 

 In short distances of region around the 
molecular centers, the asymmetric parameter (h), 
and the skew (k), exhibited Gaussian distribution 
based on their fluctuation behavior, which is 
dependent on their distances from the center of the 
molecular rings. In contrast, of those parameters, 
the isotropy  does not have a fluctuating behavior 
and it increased by increasing its distance from the 
center of the rings with a linear relationship. The 
slopes of these lines are changed, and among the 
levels of various distances for isolated Si18O27 and 
Fe3O4@ Si18O27 (less than 0.2 Å and more than 0.2 
Å for SiO2 ring, less than 0.25 Å and more than 0.25 
Å for Fe3O4@ Si18O27) (Fig.1). 

 The isotropy during the replacing of 
Fe3O4@SiO2 are positive which indicates negative 

values for aromaticity,but the slopes are decreased 
from the replacing from 0.1 to center (Fig.1).  

 As we have shown in Fig. 1-7, the slopes of 
aromaticity curves versus distances to the center of 
the Fe3O4@SiO2 ring are decreased by decreasing 
the distances gradually which indicates distortion 
of aromatic electronic structures, and on the other 
hand these slopes are increased by increasing the 
distance, emphasizing a special electronic structure 
in Fe3O4@SiO2. Therefore, S-NICS has an increased 
ability to identify exact points in the area of shielding 
space by aromaticity criterion in such compounds 
via Monte Carlo stochastic calculation. 

 In all previous works3,10, different basis 
sets yielded isotropies of various magnitude, 
and the criterion of aromaticity cannot be certain 
by using different methods, because in multiple 
calculations the numerous basis sets can evaluate 
different isotropies for two situations of one aromatic 
molecule.

 It is acceptable that the difference between 
isotropies in NICS values can express the quality 
of the distinct aromaticity for a few molecules, but 
these differences between isotropies are not able 
to express the mechanism of aromaticity as well as 
S-NICS.

 In the S-NICS method via the statistical 
calculations, the best point of the shielding space 
around the center of symmetric or non-symmetric 
aromatic molecules can evaluated as an aromaticity 
criterion. and in this method the expectation of 
the (h*) and (k*) have been calculated as the 
Gaussian curve functions versus one , two  or three 
dimensional distances around the center of the SiO2 
(Tables 1-4and Fig.1-7). 

 The isotropy (siso*) which is related to all of 
(h*) and (k*) and (W*) and (z*) is the best criterion for 
various aromatic molecules by the S-NICS method, 
which can express both qualitative and quantitative 
magnitudes for symmetric or non-symmetric 
aromatic molecules (table 3).

 So “k” can be calculated in two ways, the 
first one by the expectation value of the Gaussian 
curve (k*) and the second one with the eqs. (27,28). 
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Such as stochastic rules in the Monte Carlo 
calculation for p = 3.14 in a circle, it is evident, that 
the value of the Monte Carlo calculation will be 
more accurate by increasing the random numbers 
of the stochastic test, and it is significant that  
|k*- k |→0.0 by addition of random numbers in the 
S-NICS method.
 
 Similar to the NICS method, in S-NICS, 
negative nucleus-independent chemical shifts 
denote aromaticity and positive values denote 
antiaromaticity. In S-NICS methods, the shielding 
and deshielding spaces are significant to discuss the 
mechanism of the aromatic molecules in point of ring 
currents, which are the circulating ð electrons in an 
aromatic molecule produce opposite to the applied 
magnetics field.

  The stability of the isotropy criterion is 
highly affected on the best places in the shielding 
area spaces and it is dependent on the structures 
of the aromatic rings. So by using this method, 
a suitable and stable magnitude of isotropy can 
calculated as an aromaticity criterion. It is obvious 
that structural factors cause changes in the magnetic 
field experienced by the nuclei and change the 
resonant frequency. Therefore the chemical shielding 
and many other factors such as electronegativity, 
hydrogen bonding, and magnetic anisotropy of 
ð-systems will be changed because of the electrons 
around the proton which produce a magnetic field, 
countering the applied field. This reduces the field 
experienced at the nucleus. The electrons are said to 
shield the proton, an effect that is exactly dependent 
on the distance of the center. In addition, S-NICS can 
find the most accurate places for effective points for 
calculation of isotropy as an aromaticity criterion.  
The chemical shielding is a vector orientation 
function for all of the shielding parameters that can 
change in various places inside the shielding area 
of the rings for aromatic compounds.

 The asymmetric (h), skew (k) parameters 
have frequent changing or fluctuating values which 
have been modeled by a Gaussian distribution. And 
the shielding space around the center of benzene, 
naphthalene and borazine are canonical , where 
the (+) denotes the shielding and (–) indicates 
deshielding areas, and anisotropy as an orientation 
function has a fluctuating behavior and their values 
have been changed statistically in a Gaussian 
distribution.

 On the other hand, the nearby protons 
will experience three fields:  the applied field, 
the shielding field of the valence electrons and 
the field due to the p systems. So field lines 
opposed to the applied field cause a reduced field 
in this area equivalent to shielding, anisotropic 
induced magnetic field lines due to the induced 
circulation of the p electron in the ring area of 
benzene, naphthalene and borazine.S-NICS has 
been investigated by the Monte Carlo model by 
computation of nucleus-independent chemical shifts 
in many points of shielding areas around the rings 
of borazine, benzene and naphthalene, by choosing 
specified and suitable distances (Scheme 3). The 
statistical simulation by the Monte Carlo method 
is the generation of pseudo-random numbers that 
are distributed in a Gaussian distribution, and the 
algorithm is based on a pseudorandom number 
generator that produces numbers x that are uniformly 
distributed in the interval [0, 1). 

 These random varieties x are then 
transformed via some algorithm to create a new 
random variate having the required probability 
distribution, (Tables 1, 2). The asymmetry (h), and 
skew (k) parameters fluctuate by the changing of 
tensors, while in the case of an axially symmetric 
tensor, s22 equals either s11 or s33 and a = W/3, the 
span is k= ±1 by changing asymmetry between 
0 ≤ h ≤ +1.
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