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Abstract: This article aims to assess a graphitic-like monolayer boron nitride (B7N6) nanosheet as an 

effective adsorbent for pollutants in water, including organic molecules of CH3OH, CHBr2, NaOH, and 

NH3. The changes of charge density (Q) have shown a more important charge transfer toward B7N6 

nanosheet, which acts as the electron acceptor, while CH3OH, CHBr2, NaOH, and NH3 molecules act 

as the electron donors. Based on Nuclear quadrupole resonance (NQR) analysis, B7N6 nanosheet 

represents enough capability for adsorbing CH3OH, CHBr2, NaOH, and NH3 through electric potential 

values of hydrogen, carbon, nitrogen, oxygen, bromine, and boron atoms during adsorption of organic 

molecules (adsorbates) on B7N6 nanosheet (adsorbent). NMR spectroscopy exhibited the remarkable 

peaks around carbon, nitrogen, oxygen, and bromine atoms through the adsorption procedure of 

CH3OH, CHBr2, NaOH, and NH3 on the B7N6 nanosheet, with the fluctuations in the chemical shielding 

behaviors of isotropic and anisotropic attributes. All the measured thermodynamic parameters extracted 

from IR spectra have exhibited the most stable energy for CHBr2 and CBr2– B7N6. This work can 

evaluate the adsorption of different organic contaminants of CH3OH, CHBr2, NaOH, and NH3 on the 

B7N6-based nanosheet and, correspondingly, can introduce helpful information for using this 

nanomaterial in water treatment. This approach can support the safe and sustainable evolution of smart 

water instruments. 
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1. Introduction 

Semiconductor materials are mainly prepared from the elements in groups II to VI of 

the periodic table [1]. In the compound in the group III–V, each atom of group III is bonded to 

four atoms of group V for attaining an octet in the valence band, when the valence charge from 

an atom of group V transfers toward an atom of group III and cultivates partial ionic bonding 

to the crystal surface [2]. 

A variety of organic and inorganic pollutants containing pharmaceuticals, endocrine-

disrupting compounds, dye chemicals, which are usually separated into organic-inorganic and 

synthetic-natural groups, and heavy metals such as Cu, Cr, Zn, Ni, Pb, Hg, Cd, As, and Ag 

have often been discovered in many drinking water sources and wastewaters worldwide [3-6]. 
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Various methods have been applied to remove different inorganic and organic 

pollutants in water, such as chemical precipitation, photocatalytic oxidation, membrane 

filtration, coagulation, ion exchange, and adsorption [7-9]. 

Adsorption is one of the most generally employed removal methods due to its special 

traits like selectivity, simplicity, and cost-efficiency [10,11]. 

Recently, 2D or 3D nanomaterials with unique specifications have been investigated as 

engaged adsorbents for the impressive removal of different environmental chemicals such as 

carbon nanotubes, graphene surfaces, MOFs, and boron nitrides with thin shapes, principal 

specific surface area, and powerful functional situations [12-16]. 

Boron nitride nanomaterials have been used owing to their unique characteristics, such 

as eco-friendly attributes for pollutant adsorption, large surface area, high chemical and 

mechanical strength, and semiconducting property [17-21]. 

Boron nitride nanomaterials usually exhibit semi-leading behavior, which is considered 

a proper alternative to carbon nanotubes. The properties of boron and nitrogen atoms, which 

are the first neighbors of carbon in the periodic table, make boron nitride an interesting subject 

of numerous studies [22-28]. 

In recent years, different research on the adsorption of chemical contaminants and 

applying various boron nitride nanomaterials as adsorbents for water purification has been 

studied [29-44]. 

Various physical shapes of boron nitride (B7N6)-based nano adsorbents such as 

nanoparticles, fullerenes, nanotubes, nanofibers, nanoribbons, nanosheets, nanomeshes, 

nanoflowers, and hollow spheres have been broadly considered possible adsorbents owing to 

their exceptional characteristics such as large surface area, structural variability, great 

chemical/mechanical strength, abundant structural defects, high reactive sites, and functional 

groups [45-48]. 

Particularly, this research work aims to assess the influences of adsorbent properties of 

boron nitride (B7N6) nanosheet (charge transfer, electromagnetic, thermodynamic, surface 

area, and functional group) on contaminant removal, and examine the removal of selected 

contaminants of CH3OH, CHBr2, NaOH, and NH3 during the adsorption process. 

2. Compounds and Computational Approach  

In this research article, the simulated calculations have been performed in GaussView 

6.06.16 [49] and calculated by Gaussian 16, Revision C.01 [50] using the DFT method. 

Recently, usage of computed density functional theory Kohn–Sham (DFT-KS) orbitals and 

eigenvalues has achieved augmented popularity owing to their capability to depict and foretell 

physico-chemical attributes of large systems. Our fondness in this issue has been to engage the 

exchange-correlation hybrid functional B3LYP (Becke, [51] 3-parameter [52], Lee–Yang–Parr 

[53]) to assess the geometry of large donor–acceptor assemblies pursued by comparison of the 

computed KS orbital energies with measured thermochemical and spectral specifications.  

The [Perdew–Burke–Ernzerhof] "PBE" functional with high-precision generalized 

gradient approximation "GGA" has been employed to achieve more authentic results [54]. The 

functionals are related to PBE exchange and correlation. While the uncalibrated GGA-based 

functionals usually put out extremely poor thermochemical information, calibration authorizes 

an extensive reform, with only a small decline of reaction barriers. Therefore, an optimized 

B3LYP-based local-hybrid functional has been found that is a substantial improvement over 

the underlying global hybrids. 
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Every simulated group contains a graphite-like sheet of length 25 Å with a bond length 

of 1.95 Å for the B7N6 nanosheet with a single CH3OH, CHBr2, NaOH, or NH3 molecule 

adsorbed onto it (Scheme 1). In addition, the multiplicity of 1 and global charges of 0 have 

been considered as the input condition for the simulated system (Scheme 1). 

 
Scheme 1. "Langmuir" adsorption of CH3OH, CHBr2, NaOH, and NH3 on the B7N6 nanosheet. 

The charge transfer between adsorbates of CH3OH, CHBr2, NaOH, and NH3 and the 

adsorbent of the B7N6 nanosheet is calculated due to the Bader charge analysis [55]. This 

method can measure charge accumulation from the charge of each atom in the complex model. 

Finally, the total adsorption charge transfer can be obtained as a formula: 

 

∆Q𝑡 =  Q2 − Q1   (1) 

 

Where Q1 and Q2 remark the charge distribution of CH3OH, CHBr2, NaOH, and NH3 

on the B7N6 surface before and after adoption, respectively, as a matter of fact, positive ∆Qt 

indicates that electrons are transferred from CH3OH, CHBr2, NaOH, and NH3 to the surface of 

the B7N6 nanosheet, and the adsorbent acts as an electron acceptor [56,57]. 

The adsorption of CH3OH, CHBr2, NaOH, and NH3 molecules on the surface of B7N6 

nanosheet was defined by the theory "Langmuir" isotherm (Scheme 1) [58-68].  

The changes in charge density analysis in the adsorption process have illustrated that 

B7N6 nanosheet shows the Bader charge of –0.325e before adsorption of CH3OH, CHBr2, 

NaOH, NH3, and –0.292e, –0.325e, –0.298e, –0.396e after adsorption of CH3OH, CHBr2, 

NaOH, NH3, respectively. Therefore, the changes of charge density for "Langmuir" adsorption 

of CH3OH, CHBr2, NaOH, NH3 on B7N6 surface alternatively are ∆Q CH3OH@ B7N6 = +0.033˃ 

∆Q NaOH@ B7N6 = +0.027˃ ∆Q CHBr2@ B7N6 = 0 ˃ ∆Q NH3@ B7N6 = –0.071. 

The values of changes of charge density have shown a more important charge transfer 

for B7N6 nanosheet (adsorbent), which acts as the electron acceptor, while CH3OH, CHBr2, 

NaOH, and NH3 molecules (adsorbates) act as the stronger electron donors through adsorption 

on the graphitic-like B7N6 surface. The function of the orientation of adsorbed dipoles of water 

and CH3OH, CHBr2, NaOH, and NH3 molecules has indicated that the charge corresponding 

to maximum adsorption on B7N6 nanosheet does not stay fixed but differs within rather wide 

limits depending on the polarity of adsorbates. This affirms the significance of the interaction 

of adsorbed organic dipoles with the layer field in the adsorption of organic materials on the 

B7N6 surface. 

For calculating the adsorption energy, the total energy of the CH3OH, CHBr2, NaOH, 

NH3 molecules, and B7N6 surface should be computed. As shown in Scheme 1, a graphitic-like 
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layer of B7N6 surface with a length of 25 Å and a bond length of 1.95 Å has been built. Then, 

it has been tailored the spin-polarized DFT calculation with "ONIOM" model [69] 

accompanying the same force and energy convergence accuracy to the adsorption systems, 

with CAM–B3LYP [70] functional and with 6-311+G (d,p) [71] basis set for hydrogen, carbon, 

nitrogen, oxygen, bromine and LANL2DZ for boron in the adsorption site for the first layer 

(high level). The second layer (medium level) has been considered on some boron and nitrogen 

atoms of the B7N6 nanosheet in the adsorption site due to semi-empirical methods. The third 

layer (low level) has been saved on the remaining boron and nitrogen atoms of B7N6 nanosheet 

with molecular mechanic force fields (Scheme 2) [69] as formula: 

 

EONIOM =E1st+ E2nd + E3rd  (2) 

 

 
Scheme2. The mechanism of the "Langmuir" adsorption of CH3OH, CHBr2, NaOH, and NH3 molecules onto 

B7N6 nanosheet based on optimized coordination towards formation of CH3O– B7N6, CBr2– B7N6, OH– B7N6, 

and NH2– B7N6 complexes, respectively. 

To determine the most sensitive structure of the B7N6 nanosheet as a selective sensor 

for detecting gas molecules of CH3OH, CHBr2, NaOH, and NH3, the binding energy of each 

system has been calculated. Therefore, we have found that the priority for selecting the surface 

binding of O–atom of the CH3O–B7N6 and OH–B7N6, N–atom of NH2, B7N6, and C–atom of 

CBr2–B7N6 complexes in the adsorption site can be impacted by the existence of close atoms 

in the B7N6 surface. The simulated distribution functions of CH3O–B7N6, CBr2–B7N6, OH–

B7N6 and NH2–B7N6 complexes have illustrated that the created clusters lead to the bond 

lengths of O →B in CH3O–B7N6 (1.55Å ), O →B in OH–B7N6 (1.53Å ), N →B in NH2–B7N6 

(1.57Å ), C →B in CBr2–B7N6 (1.59Å ) (Scheme 2).  

3. Results and Discussion 

In this research article, boron nitride (B7N6) nanosheet has been investigated as an 

efficient surface because of its structural selectivity for the adsorption of water pollutants, 

including CH3OH, CHBr2, NaOH, and NH3 molecules. 

These experiments have been accomplished using spectroscopy analysis through some 

physical and chemical properties of optimized structures of initial compounds and products 

through the Langmuir adsorption mechanism.  
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3.1. PDOS and electronic analysis. 

The electronic structures of CH3OH, CHBr2, NaOH, and NH3 adsorbed on the B7N6 

nanosheet have been analyzed to simplify subsequent discussion for interfacial electronic 

properties using CAM–B3LYP/ LANL2DZ, 6–311+G (d,p) basis sets. The graph of partial 

DOS (PDOS) has illustrated that the p states of the adsorption of N–, O–, and C– on the B7N6 

nanosheet are dominant through the conduction band (Figure 1a-d). Moreover, the existence of 

covalent features for these complexes has exhibited the same energy amount and figure of the 

PDOS for the p orbitals of N, O, C, and d orbitals of Br (Figure 1a-d). 

  

 
 

Figure 1. PDOS adsorption of  CH3OH, CHBr2, NaOH and NH3 molecules onto B7N6 nanosheet towards 

formation of (a) CH3O- B7N6; (b) CBr2– B7N6; (c) OH– B7N6; (d) NH2– B7N6, respectively.  

 

Figure 1(a-d) shows that the CH3O–, CBr2–, OH–, and NH2– states of CH3O– B7N6, 

CHBr2– B7N6, OH– B7N6, and NH2– B7N6 nanosheets, respectively,  have more contribution 

at the middle of the conduction band between –5eV to –10eV. Contribution of boron, carbon, 

and nitrogen states are expanded and close together, but oxygen states have minor contributions 

in the CH3O– B7N6 sheet (Figure 1a). In the CHBr2– B7N6 sheet, contributions of nitrogen and 

oxygen states are expanded and close together, but nitrogen and bromine states have minor 

contributions (Figure 1b). In the OH– B7N6 sheet, contributions of boron and carbon states are 

expanded and close together, but hydrogen and boron states have minor contributions (Figure 

1c). In addition, in the NH2– B7N6 sheet, contributions of hydrogen and boron states are 

expanded and close together, but nitrogen states have minor contributions (Figure 1d). 

The results were also approved by the partial electron density (PDOS), which has 

shown a certain charge association between the B7N6 nanosheet and water pollutant molecules 

of CH3OH, CHBr2, NaOH, and NH3.  
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3.2. Nuclear quadrupole resonance (NQR) analysis. 

In this research, the calculated "nuclear quadrupole resonance" or "NQR" specifications 

extract form electrostatic properties have been calculated for CH3OH, CHBr2, NaOH and NH3 

molecules adsorbed on the B7N6 nanosheet towards formation CH3O–B7N6, CBr2– B7N6, OH– 

B7N6 and NH2– B7N6 which is accord to the results of the "nuclear quadrupole moment", a trait 

of the nucleus, and the "electric field gradient" or "EFG" in the neighborhood of the nucleus.  

As the "EFG" at the citation of the nucleus in CH3OH, CHBr2, NaOH, and NH3 is 

allocated by the valence electrons twisted in the attachment with close nuclei of B7N6 

nanosheet, the "NQR" frequency at which transitions occur is particular for (CH3OH, CHBr2, 

NaOH, and NH3) @ B7N6 complex (Table 1). 

In "NMR", nuclei with spin≥ 1/2 have a magnetic dipole moment so that their energies 

are split by a magnetic field, permitting resonance absorption of energy dependent on the 

"Larmor frequency";  𝜔𝐿 =  𝛾𝐵 , where 𝛾 is the gyromagnetic ratio and 𝐵 is the magnetic field 

external to the nucleus. In "NQR", nuclei with spin≥ 1, there is an electric quadrupole moment 

which is accompanied by "non-spherical" nuclear charge diffusions. So, the nuclear charge 

diffusion is extracted from that of a sphere as the oblate or prolate form of the nucleus [72,73]. 

"NQR" is a straight frame of the interaction of the "quadrupole moment" with the 

"EFG", which is produced by the electronic structure of its ambiance. Therefore, the "NQR" 

transition frequencies are symmetric to the electric quadrupole moment of the nucleus and a 

measurement of the strength of the local "EFG": 𝜔 ~ 
𝑒2 𝑄𝑞

ħ 
 =  𝐶𝑞, where 𝑞 is dependent on the 

biggest fundamental portion of the "EFG" tensor at the nucleus, and 𝐶𝑞 is a quadrupole 

coupling constant parameter [72,73]. 

The "NQR" method is related to the multipole expansion in "Cartesian coordinates" as 

in equation (11): 

𝑉(𝑟) =  𝑉(0) +  [(
𝜕𝑉

𝜕𝑥𝑖
) |

0
 . 𝑥𝑖)] +  

1

2
  [(

𝜕2𝑉

𝜕𝑥𝑖𝑥𝑗
) |

0
. 𝑥𝑖𝑥𝑗)]   (3) 

After that, a simplification of the equation (11), there are only the second derivatives 

related to the identical variable for the "potential energy" [72, 73]: 

𝑈 = − 
1

2
  ∫ 𝑑3 𝑟 𝜌𝑟𝒟

[(
𝜕2𝑉

𝜕𝑥𝑖
2) |

0
. 𝑥𝑖

2)] = − 
1

2
  ∫ 𝑑3 𝑟 𝜌𝑟𝒟

[(
𝜕𝐸𝑖

𝜕𝑥𝑖
) |

0
. 𝑥𝑖

2)] =

−
1

2
 (

𝜕𝐸𝑖

𝜕𝑥𝑖
)|

0
. ∫ 𝑑3 𝑟 [𝜌(𝑟). 𝑥𝑖

2]
𝒟

       (4) 

There are two parameters which must be obtained from "NQR" experiments: the 

"quadrupole coupling constant", 𝜒, and "asymmetry parameter" of the "EFG" tensor, η:  

𝜒 =   
𝑒2𝑄𝑞𝑧𝑧

ℎ
⁄       (5) 

η =  
𝑞𝑥𝑥 − 𝑞𝑦𝑦

𝑞𝑧𝑧
⁄      (6) 

where 𝑞𝑖𝑖 are ingredients of the "EFG" tensor at the quadrupole nucleus determined in 

the "EFG" principal axes system, 𝑄 the "nuclear quadrupole moment", 𝑒 the "proton charge", 

and ℎ is the "Planck's constant" [74]. 

In this research work, the "electric potential" as the quantity of work energy through 

carrying over the electric charge from one position to another position in the essence of electric 
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field has been evaluated for CH3O–B7N6, CBr2– B7N6, OH– B7N6 and NH2– B7N6 complexes 

using "CAM-B3LYP/EPR-III, LANL2DZ, 6-31+G(d,p)" level of theory (Table 1).  

The "electric potential" via "J⋅C−1" is a continuous function in lieu of being generated 

by a perfect point charge, has 
1

𝑟
 potential: 𝑉𝐸 =  

1

4𝜋𝜀0
 
𝑄

𝑟
, where 𝑄 «measured in coulombs» is 

the point charge, 𝑟 is the interval from the charge, and 𝜀0is the "permittivity of vacuum". 

As the electric potential for a system of point charges is similar to the sum of the point 

charges' individual potentials, the computations are carried out easily on the basis of the total 

of potential fields, which are scalar, in lieu of the total of the electric fields, which are vector 

and much more difficult to compute than the potential field parameter. Therefore, 𝑉𝐸(𝑟) =

 
1

4𝜋𝜀0
   ∑

𝑞𝑖

|𝑟−𝑟𝑖|𝑖   , where 𝑟 is a point at which the potential is evaluated, 𝑟𝑖 is a point at which the 

charge is ≠0, and 𝑞𝑖 is the charge at the point 𝑟𝑖. Finally, the potential of a continuous charge 

diffusion 𝜌(𝑟) is explored: 𝑉𝐸(𝑟) =  
1

4𝜋𝜀0
 ∫

𝜌(𝑟′)

|𝑟−𝑟′|𝑅
 𝑑3𝑟′, where 𝑅 is a set containing all the 

points at which the charge density is ≠0, 𝑟′ is a point inside 𝑅, and 𝜌(𝑟′) is the charge density 

at the point 𝑟′ [75]. 

Table 1. The electric potential (Ep/a.u.) and Bader charge (Q/e) for elements of H, B, C, N, O, and Br of CH3O- 

B7N6, CBr2–B7N6, OH–B7N6, and NH2–B7N6 complexes by CAM-B3LYP/EPR-III,6-31+G(d,p) calculation 

extracted from "NQR" method. 

CH3O–B7N6 CBr2–B7N6 OH– B7N6 NH2– B7N6 

Ato

m 
Q Ep 

Ato

m 
Q Ep 

Ato

m 
Q Ep 

Ato

m 
Q Ep 

C1 -0.1524 -14.5195 Br1 0.0804 -174.404 O1 -0.087 -22.0371 N1 -0.3964 -18.1251 

O2 -0.1670 -22.0359 C2 -0.1406 -14.57 B2 0.1776 -11.4396 H2 0.1737 -1.06079 

B3 0.1686 -11.4389 B3 0.1904 -11.4389 N3 -0.2607 -18.1391 H3 0.1730 -1.0655 

N4 -0.2719 -18.1469 N4 -0.3248 -18.2041 B4 0.1945 -11.4222 B4 0.1707 -11.4469 

B5 0.1919 -11.4259 B5 0.1936 -11.4465 B5 0.2154 -11.4149 N5 -0.2643 -18.1466 

B6 0.2174 -11.4172 B6 0.1801 -11.443 N6 -0.1771 -18.1825 B6 0.1883 -11.4302 

N7 -0.1779 -18.1857 N7 -0.1948 -18.2133 B7 0.1860 -11.4406 B7 0.2020 -11.4234 

B8 0.1853 -11.4397 B8 0.2162 -11.4133 N8 -0.1909 -18.2002 N8 -0.1762 -18.1852 

N9 -0.1883 -18.1975 N9 -0.1874 -18.198 N9 -0.2508 -18.1347 B9 0.1737 -11.45 

N10 -0.2596 -18.1418 N10 -0.2929 -18.1624 B10 0.2683 -11.3214 N10 -0.1995 -18.2097 

B11 0.2793 -11.324 B11 0.2632 -11.3376 B11 0.2142 -11.4135 N11 -0.2485 -18.1383 

B12 0.2157 -11.4132 B12 0.2045 -11.4264 N12 -0.2980 -18.1611 B12 0.3322 -11.3063 

N13 -0.2922 -18.1617 N13 -0.3228 -18.2006 B13 0.1936 -11.4239 B13 0.1928 -11.4314 

B14 0.1979 -11.4223 B14 0.2230 -11.411 N14 -0.1738 -18.1796 N14 -0.3014 -18.1699 

N15 -0.1731 -18.18 N15 -0.1684 -18.1793 H15 -0.0113 -1.19619 B15 0.1701 -11.4436 

H16 0.0827 -1.13763 Br16 0.0802 -174.409    N16 -0.1903 -18.1985 

H17 0.0753 -1.13664          

H18 0.0681 -1.15514          

Furthermore, in Figure 2(a-d), it has been sketched the "electric potential" of nuclear 

quadrupole resonance for some atoms of hydrogen, boron, carbon, nitrogen, oxygen and 

bromine in the adsorption process of CH3OH, CHBr2, NaOH and NH3 molecules adsorbed on 

the B7N6 nanosheet which have been calculated by "CAM-B3LYP/EPR-III, 6-311+G (d,p), 

LANL2DZ". 

In Figure 2 (a-d), the changes of electric potential for hydrogen, boron, carbon, 

nitrogen, oxygen, and bromine are shown in the active site of Langmuir adsorption. In fact, it 

has been observed the effect of the binding between C, N, and O with boron in the B7N6 

nanosheet during adsorbing CH3OH, CHBr2, NaOH and NH3 molecules through resulted 

electric potential using NQR analysis with relation coefficients of R2= 0.9423 for CH3O– B7N6 
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(Figure 2a), R2= 0.9525 for CBr2– B7N6 (Figure 2b), R2= 0.9804 for OH– B7N6 (Figure 2c), 

and R2= 0.9533 for NH2– B7N6 (Figure 2d). 

  
(a) (b) 

  
(c) (d) 

Figure 2. The electric potential versus Bader charge through NQR calculation for adsorption clusters of (a) 

CH3O- B7N6; (b) CBr2– B7N6; (c) OH– B7N6; (d) NH2– B7N6 using CAM-B3LYP/EPR-III, LANL2DZ,6-

31+G(d,p). 

 

It’s obvious that the capability of B7N6 nanosheet for detecting CH3OH, CHBr2, NaOH, 

and NH3 molecules is fluctuated by their selectivity and sensitivity, which can represent the 

efficiency of these surfaces as promising sensors.  

3.3. "NMR" spectroscopy. 

Isotropic (σiso) and anisotropy (σaniso) shielding tensors of "NMR" spectroscopy for 

certain atoms in the active site of CH3OH, CHBr2, NaOH, and NH3 adsorbed on the B7N6 

nanosheet through the formation of the binding between gas molecules and solid surfaces have 

been calculated using Gaussian 16, Revision C.01, and reported in Table 2 [50]. 

Table 2. Data of "NMR" shielding tensors for selected atoms of CH3OH, CHBr2, NaOH, and NH3 through 

adsorption on B7N6 nanosheet using CAM-B3LYP/EPR-III, 6-311+G (d,p) calculation. 
CH3O– B7N6 CBr2– B7N6 OH– B7N6 NH2– B7N6 

Atom σiso σaniso Atom σiso σaniso Atom σiso σaniso Atom σiso σaniso 

C1 207.4900 229.8084 Br1 2255.6038 448.6099 O1 4188.7985 19001.3542 N1 397.5544 1522.0783 

O2 2571.7358 5404.2611 C2 79.1939 264.6245 B2 1711.2615 3150.3904 H2 45.2678 85.8620 

B3 1887.2958 4827.1381 B3 42.0204 57.8614 N3 5221.2659 16311.0488 H3 47.9762 86.4201 

N4 7888.2732 26535.9295 N4 143.3403 134.8370 B4 452.2991 1628.2843 B4 1152.1291 3921.2721 

B5 631.2083 2792.3878 B5 36.0191 43.5880 B5 861.3538 3416.7600 N5 1955.0602 11129.1217 

B6 1730.2348 4161.3618 B6 47.3299 73.6073 N6 10146.9927 50000.0792 B6 695.8646 1981.2237 

N7 7582.0326 60137.9910 N7 511.7273 580.4868 B7 688.4710 5200.7121 B7 820.3862 2506.3503 

B8 267.9068 8069.0999 B8 65.1754 118.3058 N8 11461.9126 43429.9639 N8 3210.5811 24161.4011 

N9 20673.2800 77041.4503 N9 519.3833 544.7120 N9 1060.4445 7260.2782 B9 1035.5334 4329.1213 

N10 719.6112 10666.3043 N10 131.7461 174.6893 B10 158.7282 348.4470 N10 10325.7680 20459.1621 

B11 174.9055 545.2617 B11 30.1945 51.7908 B11 669.0245 4104.9100 N11 639.7713 4065.1118 

B12 1262.5805 6875.7306 B12 18.4989 54.0664 N12 338.0289 3330.8232 B12 31.5242 385.1119 

N13 1439.6410 7609.1711 N13 185.9407 247.9779 B13 451.9133 2065.4295 B13 53.4323 627.1198 

B14 1009.6465 3656.9631 B14 28.5714 49.5475 N14 14659.7719 54547.1808 N14 108.6987 5495.2593 
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CH3O– B7N6 CBr2– B7N6 OH– B7N6 NH2– B7N6 

Atom σiso σaniso Atom σiso σaniso Atom σiso σaniso Atom σiso σaniso 

N15 22798.1457 85933.4663 N15 316.1337 195.8486 H15 15.4447 90.5114 B15 82.1396 743.1337 

H16 24.8998 81.1985 Br16 2188.9136 599.4625    N16 6146.7100 8153.3246 

H17 44.9274 128.6231          

H18 11.1081 62.6904          

In Table 2, "NMR" data have reported the notable amounts for CH3OH, CHBr2, NaOH, 

and NH3, which have been doped on the B7N6 nanosheet. 

In fact, the adsorption of CH3OH, CHBr2, NaOH, and NH3 introduces spin polarization 

on the B7N6 nanosheet, which indicates that this surface might be applied as magnetic carbon, 

nitrogen, and oxygen detectors. In fact, it is revealed that the "isotropic" and "anisotropy" 

shielding augment with the occupancy in CH3OH, CHBr2, NaOH and NH3 penetrated by "C–, 

N–, O–atoms" in CH3O- B7N6 (O→B), CBr2– B7N6 (C→B), OH– B7N6 (O→B) and NH2– 

B7N6 (N→B) (Figure 3a-d).  

 
 

(a) (b) 

  
(c) (d) 

Figure 3. "NMR" adsorbing of CH3OH, CHBr2, NaOH and NH3 through adsorption on B7N6 nanosheet  

through production of (a) CH3O- B7N6; (b) CBr2– B7N6; (c) OH– B7N6; (d)NH2– B7N6 using CAM-

B3LYP/EPR-III, LANL2DZ,6-31+G(d,p).  

The resulted graphs of "NMR" data in Figure 3 (a-d) have shown approximately the 

identical chemical shielding behavior of isotropic and anisotropy factors for CH3O– B7N6, OH– 

B7N6 and NH2– B7N6 with several sharp peaks related to nitrogen atoms involving the 

adsorption site including (N7, N9, N15) (Figure 3a), (N6, N8, N14) (Figure 3c), and (N5, N8, 

N10) (Figure3d). 

However, has been shown that CBr2– B7N6 has two sharp peaks related to boron and 

carbon atoms involving the adsorption site, including (B16 and C2) (Figure 3b). 

Although in the NMR spectroscopy, the remarkable peaks around carbon, nitrogen, 

oxygen, and bromine atoms through the adsorption procedure of CH3OH, CHBr2, NaOH, and 

NH3 on the B7N6 nanosheet, there are some fluctuations in the chemical shielding behaviors of 

isotropic and anisotropic attributes.  
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3.4. "IR" insight and thermodynamic analysis.  

In this part, the stability of complexes including water pollutants of CH3OH, CHBr2, 

NaOH, and NH3 adsorbed on the boron nitride (B7N6) nanosheet has been investigated through 

thermodynamic properties, which define the reactions that CH3OH, CHBr2, NaOH, and NH3 

endure in the boron coordination sphere. Concerning the adsorption process, the 

thermodynamic characters were evaluated for CH3OH, CHBr2, NaOH, and NH3 and complexes 

of CH3O– B7N6, CBr2– B7N6, OH– B7N6, and NH2– B7N6 on the surface of B7N6 nanosheet as 

the water pollutant detectors which can be applicable as the selective sensors for these 

compounds removal (Table 3).  

Table 3. The thermodynamic character of CH3OH, CHBr2, NaOH, and NH3 adsorbed on the B7N6 nanosheet as 

the selective water pollutant sensors. 

Compound 
∆Ho×10-4 

(kcal/mol) 

∆Go×10-4 

(kcal/mol) 

So 

(cal/K.mol) 

Dipole moment 

(Debye) 

CH3OH -7.1568 -7.1584 55.576 1.3748 

CHBr2 -321.9162 -321.9183 71.878 0.8932 

NaOH -14.7376 -14.7393 56.923 6.6903 

NH3 -3.4958 -3.4973 48.843 1.6650 

B7N6  nanosheet -31.0214 -31.0238 103.077 0.4110 

CH3O- B7N6 -38.1324 -38.1355 104.117 1.3507 

CBr2– B7N6 -352.9039 -352.9075 120.009 2.2734 

OH– B7N6 -35.6875 -35.6907 106.940 1.7390 

NH2– B7N6 -34.4705 -34.4736 104.137 1.0754 

Furthermore, the "IR" spectra for the adsorption of CH3OH, CHBr2, NaOH, and NH3 

on the surface of the boron nitride (B7N6) nanosheet have been reported in Figure 4.  

  
(a) (b) 

  
(c) (d) 

 
(e) 

Figure 4. The frequency (cm-1) changes through the "IR" spectra for (a) B7N6 nanosheet; (b) CH3O– B7N6; 

(c) CBr2– B7N6; (d) OH– B7N6; (e) NH2– B7N6 complexes. 
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The graphs of Figure 4 (a) have been observed in the frequency range between 100 cm-

1 and 700 cm-1 for the B7N6 nanosheet. Figure 4 (b) shows the frequency range between 100 

cm-1 and 3500 cm-1 for the CH3O– B7N6 complex with a sharp peak around 250 cm-1. Figure 4 

(c and d) has a similar fluctuation of frequency between 100 cm-1-1000 cm-1 for CBr2– B7N6 

Figure 4 (c) with several sharp peaks around 450 cm-1, 650 cm-1, 950 cm-1, and for OH– B7N6 

Figure 4 (d) with several sharp peaks around 200 cm-1, 270 cm-1, 420 cm-1, respectively. 

Moreover, NH2– B7N6 has remarked a considerable frequency peak about 3850 cm-1, Figure 4 

(e). 

In addition, the high amounts of the "Langmuir" adsorption isotherm graphs based on 

relative adsorption energy (∆Go
ads) have been evaluated for interactions between CH3OH, 

CHBr2, NaOH, and NH3 on the surface of B7N6 nanosheet with R² = 0.873 (Figure 5).  

 
Figure 5. The alterations of adsorption Gibbs free energy (∆Go

ads) CH3OH, CHBr2, NaOH and NH3 adsorbed on 

the B7N6 nanosheet and formation of CH3O– B7N6, CBr2– B7N6, OH– B7N6 and NH2– B7N6 complexes. 

The adsorptive capacity of CH3OH, CHBr2, NaOH, and NH3 on the surface of B7N6 

nanosheet is approved by the ∆Go
ads amounts as follows:  

∆Go
ads = ∆Go

X→ B7N6 _NS - (∆Eo
X + ∆Eo B7N6_NS ); (X= CH3OH, CHBr2, NaOH, NH3)  (7) 

Table 3 shows that the adsorption of CH3OH, CHBr2, NaOH, and NH3 on the surface 

of B7N6 nanosheet must have both "physical" and "chemical" nature. All the measured relative 

adsorption energies (∆Go
ads) are almost identical and exhibit the most stable Gibbs free energy 

for CHBr2 and CBr2– B7N6 (Figure 5). In fact, boron sites in B7N6 nanosheet have higher 

interaction energy from Van der Waals’ forces with the molecules of CH3OH, CHBr2, NaOH, 

and NH3 that can make them highly stable. 

Furthermore, the results of Table 3 have indicated that CH3OH → B7N6, CHBr2→ 

B7N6, NaOH → B7N6 and NH3→ B7N6 complexes have the largest gap of Gibbs free energy 

adsorption with which defines the changes between Gibbs free energy of initial compounds 

(∆Go CH3OH, ∆Go CHBr2, ∆Go NaOH, ∆Go
NH3) and (∆Go B7N6_NS) and product compounds (∆Go CH3O–

B7N6, ∆Go CBr2–B7N6, ∆Go OH–B7N6, ∆Go NH2–B7N6,) through polarizability. However, the B7N6 

nanosheet seems to possess enough efficiency for the adsorption of water pollutants of CH3OH, 
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CHBr2, NaOH, and NH3 through charge transfer from carbon, nitrogen, and oxygen to the 

boron element due to intra-atomic and interatomic interactions.  

4. Conclusions 

The adsorption performance and mechanism of B7N6 nanosheet for CH3OH, CHBr2, 

NaOH, and NH3 molecules were investigated. The amounts of changes of charge density have 

shown a more important charge transfer for B7N6 nanosheet, which acts as the electron 

acceptor, while organic molecules act as the electron donors through adsorption on the 

graphitic-like B7N6 surface. It has been assumed that the priority for selecting the surface 

binding of C–atom of CHBr2, N–atom of NH3, and O–atom of CH3OH & NaOH in adsorption 

site can be impacted by the existence of close atoms in the B7N6 surface through formation of 

CH3O – B7N6, CBr2– B7N6, OH– B7N6 and NH2– B7N6 complexes. All in all, the boron site in 

the B7N6 nanosheet has a higher interaction energy from Van der Waals’ forces with organic 

molecules, including CH3OH, CHBr2, NaOH, and NH3, that can make them highly stable. The 

current work summarizes the possibility of B7N6–based nanomaterials as adsorbents for the 

adsorption of some organic contaminants of CH3OH, CHBr2, NaOH, and NH3. The results 

showed that B7N6-based nano adsorbents can be a preferable option, presently used or studied 

for water and wastewater purification. 
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