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Abstract—Boron nitride (BN) is environment friendly chemical compound extracted from identical numbers
of boron (B) and nitrogen (N) atoms. This research wants to evaluate the efficiency of BN nanosheet for
removing of water contaminant. The changes of charge density (Q) have shown a more important charge
transfer toward BN nanosheet which acts as the electron acceptor while CH3OH, CHBr2, NaOH and NH3
molecules act as the electron donors. Based on nuclear quadrupole resonance analysis, BN nanosheet repre-
sent s 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 molecule
(adsorbate) on BN nanosheet (adsorbent). Besides, 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 BN nanosheet with the f luctuations in the chemical shielding behaviors of isotropic
and anisotropy attributes. All the measured thermodynamic parameters extracts from IR spectrums have
exhibit the most stability energy for CHBr2 and CBr2–BN. This work can evaluate the adsorption of different
organic contaminants of CH3OH, CHBr2, NaOH and NH3 on the BN-based nanosheet and correspond-
ingly can introduce helpful information for using this nanomaterial in water treatment.
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INTRODUCTION

These BN structures have special physical, struc-
tural, and chemical characteristics such ass wide sur-
face area per unit mass, thermal and chemical stability,
UV photoluminescence, insulation properties, large
band gap, high conductivity, and exceptional oxida-
tion resistance. These characteristics make BNs
potential substance for their utility in different fields
like sensor applications, pollutants removal and treat-
ment, hydrogen energy storage, and heterogeneous
catalysis [1, 2].

A variety of organic and inorganic and pollutants
containing pharmaceuticals, endocrine-disrupting
compounds, dye chemicals which are usually sepa-
rated 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 world-
wide [3–6].

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

[7]. The compound in the group III–V, each atom of
group III is bonded to four atoms of group V for attain-
ing 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 [8–11].

Various methods have been applied to remove dif-
ferent inorganic and organic pollutants in water con-
sisting of chemical precipitation, photocatalytic oxi-
dation, membrane filtration, coagulation, ion
exchange, and adsorption [12–15]. Adsorption is one
of the most generally employed removal methods due
to its special traits like selectivity, simplicity, and cost-
efficiency [16–20].

Recently, 2D or 3D nanomaterials with unique
specifications have been investigated as engaged
adsorbents for the impressive cure of different envi-
ronmental chemicals such as carbon nanotubes,
graphene surfaces, Metal–Organic Frameworks
(MOFs), and boron nitrides with thin shapes, princi-
pal specific surface area and powerful functional situ-
ations [21–25].
67



68 MOLLAAMIN et al.

Table1. The characteristic of CH3OH, CHBr2, NaOH, NH3 structures after adsorption on the BN nanosheet

Compound Bader charge (e) ∆Qt = Q2 – Q1 Bond length

CH3OH –0.292 +0.033 O → B (CH3O–BN) 1.55 Å
CHBr2 –0.325 0 C → B (CBr2–BN) 1.59 Å
NaOH –0.298 +0.027 O → B (OH–BN) 1.53 Å
NH3 –0.396 –0.071 N → B (NH2–BN) 1.57 Å
Boron nitride nanomaterials have been used owing
to their unique characteristics such as eco-friendly
attributes for pollutant adsorption, big surface area,
high chemical and mechanical strength and semicon-
ducting property [26–28]. Boron nitride nanometeri-
als usually exhibits 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 as an interesting subject of numer-
ous studies [29–34].

In the recent years, different researches on the
adsorption of chemical contaminants and applying
various boron nitride nanomaterials as adsorbents for
water purification have been studied [35–48]. Various
physical shapes of boron nitride (BN)-based nano
adsorbents such as nanoparticles, fullerenes, nano-
tubes, nanofibers, nanoribbons, nanosheets, nano-
meshes, 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 [49–51]. Particularly, this
research work aims to assess the influences of adsor-
bent properties of boron nitride (BN) nanosheet
(charge transfer, electromagnetic and thermody-
namic, surface area, and functional group) on con-
taminant removal, and examine the removal of
selected contaminants of CH3OH, CHBr2, NaOH
and NH3 during the adsorption process.

MATERIALS AND METHOD
The adsorption sites for a typical single-layered BN

material are accessible on both sides of the BN. How-
ever, large-scale manufacturing of single-layered BN
nanosheets is complicated through the parameters like
structural stability and oxidation resistance. More-
over, multilayer BN nanosheets have efficient potential
for removing the heavy metal pollutants in the aqueous
medium. In fact, adsorption of contaminants applying
BN materials deal with a physicochemical interaction
present at BN–water interface due to its high surface
zone per unit mass and surface-active attributes.

The Perdew–Burke–Ernzerhof (PBE) functional
with high-precision generalized gradient approxima-
RUSSIAN JOURNAL O
tion (GGA) is applied to simulate the theoretical sys-
tem by GaussView 6.06.16 [52] and Gaussian 16, Revi-
sion C.01 [53] due to density functional theory (DFT)
[54]. Figure 1 indicates the adsorption of water con-
taminants of CH3OH, CHBr2, NaOH or NH3 mole-
cules on the BN nanosheet.

The charge transfer between adsorbates of
CH3OH, CHBr2, NaOH and NH3 and adsorbent of
BN nanosheet is calculated due to the Bader charge
analysis [55]. This method can measure charge accu-
mulation from the charge of each atom in the complex
model. Finally, the total adsorption charge transfer
can be obtained as formula: ∆Qt = Q2 – Q1, where Q1
and Q2 remark the charge distribution of CH3OH,
CHBr2, NaOH and NH3 on the BN surface before and
after adoption, respectively. As a matter of fact, posi-
tive ∆Qt indicates that electrons are transferred from
CH3OH, CHBr2, NaOH and NH3 to the surface of
BN nanosheet, and the adsorbent acts as an electron
acceptor [56, 57].

The adsorbing of CH3OH, CHBr2, NaOH and
NH3 molecules on the surface of BN nanosheet was
defined by the theory Langmuir isotherm [58–61].
The adsorbates of CH3OH, CHBr2, NaOH and NH3
molecules are maintained on surface of BN with
“Langmuir” chemisorption (Fig. 1).

The changes of charge density analysis in the
adsorption process has illustrated that BN nanosheet
shows the Bader charge of before adsorption of
CH3OH, CHBr2, NaOH, NH3 and after adsorption of
these molecules, respectively. Therefore, the changes
of charge density for Langmuir adsorption of CH3OH,
CHBr2, NaOH, NH3 on BN surface alternatively are

(Table 1).
The values of changes of charge density have shown

a more important charge transfer for BN nanosheet
which acts as the electron acceptor while CH3OH,
CHBr2, NaOH, NH3 molecules act as the stronger
electron donors through adsorption on the graphitic-
like BN surface.

For calculating the adsorption energy, the total
energy of the CH3OH, CHBr2, NaOH, NH3 mole-
cules and BN surface should be computed. Then, it
has been tailored the spin-polarized DFT calculation

3 2 3CH OH@BN NaOH@BN CHBr @BN NH @BN >  >  > Q Q Q QΔ Δ Δ Δ
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COMPUTATIONAL MODELLING OF BORON NITRIDE NANOSHEET 69

Fig. 1. The schematic of the Langmuir adsorption of CH3OH, CHBr2, NaOH and NH3 molecules onto BN nanosheet based on
optimized coordination towards formation of CH3O–BN, CBr2–BN, OH–BN and NH2–BN complexes, respectively.
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with ONIOM model [62–66] accompanying the same
force and energy convergence accuracy to the adsorp-
tion systems, with CAM-B3LYP [67] functional and
with 6-311+G(d, p) [68] basis set for hydrogen, car-
bon, nitrogen, oxygen, bromine and LANL2DZ for
boron in the adsorption site for the first layer (high
level). Second layer (medium level) has been consid-
ered on some boron and nitrogen atoms of BN
nanosheet in the adsorption site due to semi-empirical
methods. The third layer (low level) has been saved on
the remained boron and nitrogen atoms of BN
nanosheet with molecular mechanic force fields (Fig. 1)
[62] as formula:

(1)

To determine the most sensitive structure of BN
nanosheet as the 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–BN and
OH–BN, N-atom of NH2–BN and C–atom of
CBr2–BN complexes in adsorption site can be

ONIOM 1st 2nd 3rd.E E E E= + +
RUSSIAN JOURNAL OF PHYSICAL CHEMISTRY B  Vo
impacted by the existence of close atoms in the BN
surface. The simulated distribution functions of
CH3O–BN, CBr2–BN, OH–BN and NH2–BN
complexes have illustrated that the created clusters
lead to the bond lengths of O → B in CH3O–BN, O →
B in OH–BN, N → B in NH2–BN, and C → B in
CBr2–BN (Table 1).

RESULTS AND DISCUSSION

As the BN nanosheet possess magnetic character-
istics so can accomplish fast separation of pollutants as
well as quickly recover after treatment under the influ-
ence of a magnetic field, it was considered for adsorp-
tion 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 Langmuir adsorp-
tion mechanism.
l. 18  No. 1  2024



70 MOLLAAMIN et al.
The electronic structures of CH3OH, CHBr2,
NaOH and NH3 adsorbed on the BN 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 BN
nanosheet are dominant through the conduction band
(Figs. 2a–2d). Moreover, the existence of covalent
features for these complexes has exhibited the identical
RUSSIAN JOURNAL O
energy amount and figure of the PDOS for the p orbit-
als of N, O, C and d orbitals of Br (Figs. 2a–2d).

Figures 2a–2d shows that the CH3O–, CBr2–,
OH–, and NH2– states of CH3O–BN, CHBr2–BN,
OH–BN and NH2–BN nanosheets, respectively,
have more contribution at the middle of the conduc-
tion band between –5 to –10 eV. Contribution of
boron, carbon and nitrogen states are expanded and
close together, but oxygen states have minor contribu-
tions in CH3O–BN sheet (Fig. 2a). In CHBr2–BN
Fig. 2. PDOS adsorption of CH3OH, CHBr2, NaOH and NH3 molecules onto BN nanosheet towards formation of (a) CH3O–
BN, (b) CBr2–BN, (c) OH–BN and (d) NH2–BN, respectively.
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COMPUTATIONAL MODELLING OF BORON NITRIDE NANOSHEET 71
sheet, contributions of nitrogen and oxygen states are
expanded and close together, but nitrogen and bro-
mine states have minor contributions (Fig. 2b). In
OH–BN sheet, contributions of boron and carbon
states are expanded and close together, but hydrogen
and boron states have minor contributions (Fig. 2c).
In addition, in NH2–BN sheet, contributions of
hydrogen and boron states are expanded and close
together, but nitrogen states have minor contributions
(Fig. 2d).
RUSSIAN JOURNAL OF PHYSICAL CHEMISTRY B  Vo
The results also approved by the partial electron
density (PDOS) which have showed a certain charge
association between BN nanosheet and water pollut-
ant molecules of CH3OH, CHBr2, NaOH and NH3.

Nuclear Quadrupole Resonance (NQR) is a
straight frame of the interaction of the quadrupole
moment with the electric field gradient (EFG) which
is produced by the electronic structure of its ambiance
[69–72]. 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
Fig. 2. (Contd.)
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72 MOLLAAMIN et al.
in the essence of electric field has been evaluated for
CH3O–BN, CBr2–BN, OH–BN and NH2–BN
complexes using CAM-B3LYP/EPR-III,LANL2DZ,
6-31+G(d, p) level of theory (Fig. 3).

Furthermore, in Figs. 3a–3d, 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 BN nanosheet which have been calculated by
CAM-B3LYP/EPR-III, 6-311+G(d, p), LANL2DZ.

In Fig. 3, it has been remarked the changes of elec-
tric potential for hydrogen, boron, carbon, nitrogen,
oxygen and bromine 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
BN nanosheet during adsorbing CH3OH, CHBr2,
NaOH and NH3 molecules through resulted electric
RUSSIAN JOURNAL O
potential using NQR analysis with relation coeffi-
cients of R2 = 0.9423 for CH3O–BN (Fig. 3a), R2 =
0.9525 for CBr2–BN (Fig. 3b), R2 = 0.9804 for OH–
BN (Fig. 3c), and R2 = 0.9533 for NH2–BN (Fig. 3d).
It’s obvious that the capability of BN nanosheet for
detecting of CH3OH, CHBr2, NaOH and NH3 mole-
cules is f luctuated by their selectivity and sensitivity
which can represent the efficiency of these surfaces as
the promising sensors.

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 BN nanosheet through the formation
of the binding between gas molecules and solid sur-
faces are calculated using Gaussian 16, Revision C.01
[53, 73–76].
Fig. 3. The electric potential versus Bader charge through NQR calculation for adsorption clusters of (a) CH3O–BN, (b) CBr2–
BN, (c) OH–BN and (d) NH2–BN using CAM-B3LYP/EPR-III, LANL2DZ,6-31+G(d, p).
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COMPUTATIONAL MODELLING OF BORON NITRIDE NANOSHEET 73
In Figs. 4a–4d, NMR data indicates the notable
amounts for CH3OH, CHBr2, NaOH and NH3 which
have been doped on the BN nanosheet. In fact, the
adsorption of CH3OH, CHBr2, NaOH and NH3
introduces spin polarization on the BN 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–BN (O → B), CBr2–BN (C → B), OH–BN
(O → B ) and NH2–BN(N → B) (Figs. 4a–4d).

The resulted graphs of NMR data in Figs. 4a–4d
have shown approximately the identical chemical shield-
ing behavior of isotropic and anisotropy factors for
CH3O–BN, OH–BN and NH2–BN with several sharp
peaks related to nitrogen atoms involving the adsorption
site including (N7, N9, N15) (Fig. 4a), (N6, N8, N14)
(Fig. 4c), and (N5, N8, N10) (Fig. 4d).
RUSSIAN JOURNAL OF PHYSICAL CHEMISTRY B  Vo
However, has been shown CBr2–BN with two sharp
peaks related to boron and carbon atoms involving the
adsorption site including (B16 and C2) (Fig. 4b).

Although, in the NMR spectroscopy, it has been
observed the remarkable peaks around carbon, nitro-
gen, oxygen and bromine atoms through the adsorp-
tion procedure of CH3OH, CHBr2, NaOH and NH3
on the BN nanosheet, there are some fluctuations in
the chemical shielding behaviors of isotropic and
anisotropy attributes.

In this part, the stability of complexes including
water pollutant of CH3OH, CHBr2, NaOH and NH3
adsorbed on the boron nitride (BN) nanosheet has
been investigated through thermodynamic properties
which define the reactions that CH3OH, CHBr2,
NaOH and NH3 endure in the boron coordination
sphere. Concerning adsorption process, the thermo-
dynamic characters were evaluated for CH3OH,
CHBr2, NaOH and NH3 and complexes of CH3O–
Fig. 3. (Contd.)

0

–5

–10

–25

–15

–20

O1
B2

N3
B4

B5
N6

B7
N8

N9
B10

B11
N12

B13
N14

H15

Atom

Atom

Ep

0
–2
–4
–6
–8

–12
–14
–16
–18

–10

–20

N1
H2

H3
B4

N5
B6

B7
N8

B9
N10

N11
B12

B13
N14

B15
N16

Ep

(c)

(d)
l. 18  No. 1  2024



74 MOLLAAMIN et al.
Fig. 4. NMR adsorbing of CH3OH, CHBr2, NaOH and NH3 through adsorption on BN nanosheet through production of (a)
CH3O–BN, (b) CBr2–BN, (c) OH–BN and (d) NH2–BN using CAM-B3LYP/EPR-III, LANL2DZ,6-31+G(d, p).
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BN, CBr2–BN, OH–BN and NH2–BN on the sur-
face of BN nanosheet as the water pollutant detectors
which can be applicable as the selective sensors for
these compounds removal (Table 2).
RUSSIAN JOURNAL O
Furthermore, the IR spectrums for adsorption of
CH3OH, CHBr2, NaOH and NH3 on the surface of
the boron nitride (BN) nanosheet have been reported
in Fig. 5.
F PHYSICAL CHEMISTRY B  Vol. 18  No. 1  2024
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Fig. 4. (Contd.)
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The graphs of Fig. 5a have been observed in the fre-
quency range between 100–700 cm–1 for the BN
nanosheet. Figure 5b has shown frequency range
between 100–3500 cm–1 for CH3O–BN complex with
a sharp peak in around 250 cm–1. Figures 5c and 5d
have the similar f luctuation of frequency between
100–1000 cm–1 for CBr2–BN (Fig. 5c) with several
RUSSIAN JOURNAL OF PHYSICAL CHEMISTRY B  Vo
sharp peaks around 450, 650, 950 cm–1 and for OH–
BN (Fig. 5d) with several sharp peaks around 200,
270, 420 cm–1, respectively. Moreover, NH2–BN has
remarked a considerable frequency peak about
3850 cm–1 (Fig. 5e).

In addition, the high amounts of the Langmuir
adsorption isotherm graphs based on relative adsorp-
l. 18  No. 1  2024
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Table 2. The thermodynamic character of CH3OH, CHBr2, NaOH and NH3 adsorbed on the BN nanosheet as the selec-
tive water pollutant sensors

Compound ∆H° × 10–4, kcal/mol ∆G° × 10–4, kcal/mol S°, cal/K mol Dipole moment (Debye)

BN nanosheet –31.0214 –31.0238 103.077 0.4110

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

CH3O-BN –38.1324 –38.1355 104.117 1.3507

CBr2–BN –352.9039 –352.9075 120.009 2.2734

OH–BN –35.6875 –35.6907 106.940 1.7390

NH2–BN –34.4705 –34.4736 104.137 1.0754

Table 3. LUMO (eV), HOMO (eV), and band energy gap (∆E /eV) of CH3O–BN, CBr2–BN, OH–BN and NH2–BN
complexes

Water pollutant → BN_sh HOMO LUMO ∆E = ELUMO – EHOMO

CH3O–BN_sh –2.9456 –2.2789 0.6667

CBr2–BN_sh –2.7060 –0.8914 1.8146

OH–BN_sh –3.0106 –2.2822 0.7284

NH2–BN_sh –2.8172 –2.0321 0.7851
tion energy ( ) has been evaluated for interactions
between CH3OH, CHBr2, NaOH and NH3 on the
surface of BN nanosheet with R2 = 0.873 (Fig. 6).

The adsorptive capacity of CH3OH, CHBr2,
NaOH and NH3 on the surface of BN nanosheet is
approved by the  amounts as formula:

(2)

Table 2 has shown that the adsorbing of CH3OH,
CHBr2, NaOH and NH3 on the surface of BN
nanosheet must have both “physical” and “chemical”

adsG°Δ

adsG°Δ

( )
( )

ads  BN_sh BN_sh

3 2 3

– ;
CH OH, CHBr ,  NaOH,  NH .

X  XG G G G
X

→
° ° ° °Δ = Δ Δ + Δ
=

RUSSIAN JOURNAL O
nature. All the measured relative adsorption energies

( ) are almost identical, and exhibit the most sta-
bility Gibbs free energy for CHBr2 and CBr2–BN
(Fig. 6). In fact, boron sites in BN 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 2 have indicated
that CH3OH → BN, CHBr2 → BN, NaOH → BN
and NH3 → BN complexes have the largest gap of
Gibbs free energy adsorption with which defines the
changes between Gibbs free energy of initial com-

adsG°Δ
F PHYSICAL CHEMISTRY B  Vol. 18  No. 1  2024



COMPUTATIONAL MODELLING OF BORON NITRIDE NANOSHEET 77
pounds ( , , , ) and

( ) and product compounds ( ,

, , ) through polarizabil-
ity. However, BN nanosheet seems to possess enough
efficiency for adsorption water pollutants of CH3OH,
CHBr2, NaOH and NH3 through charge transfer from
carbon, nitrogen and oxygen to the boron element due
to intra-atomic and interatomic interactions.

Based on frontier molecular orbital theory, the
lowest unoccupied molecular orbital (LUMO) and
Highest Occupied Molecular Orbital (HOMO) and
the energy between them are the band gap of the
adsorption system was computed. In fact, broad band
gap diagram indicates that there is less conductivity
[77–80]. The LUMO, HOMO, and band energy gap

3CH OHG°Δ
2CHBrG°Δ NaOHG°Δ

3NHG°Δ

BN_shG°Δ
3CH O BNG −

°Δ

2CBr BNG −
°Δ OH BNG −

°Δ
2NH BNG −

°Δ
RUSSIAN JOURNAL OF PHYSICAL CHEMISTRY B  Vo
(∆E) of CH3OH, CHBr2, NaOH and NH3 on the sur-
face of BN nanosheet as the molecule detector systems
denote that the molecule adsorption procedure scat-
ters the electrons of the system (Table 3).

The energy gap between HOMO and LUMO has
represented the transporting of molecular electrical
characters [81–85]. On the other hand, the difference
between HOMO and LUMO has exhibited that the
effect of the adsorption process on the electronic
behavior of CH3OH, CHBr2, NaOH and NH3 on the
surface of BN nanosheet (Table 3).

The illustration of donor–acceptor molecules
depends on the relative frontier molecular levels. The
HOMO–LUMO gap defines the charge transfer in gas
molecules adsorbed on the BN surface through sim-
plified molecular-level diagram. In fact, the amount
of transferred charges might be considerably small, as
Fig. 5. The frequency (cm–1) changes through the IR spectrums for (a) BN nanosheet, (b) CH3O–BN, (c) CBr2–BN, (d) OH–
BN and (e) NH2–BN complexes.
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Fig. 5. (Contd.)
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Fig. 6. The alterations of adsorption Gibbs free energy ( ) CH3OH, CHBr2, NaOH and NH3 adsorbed on the BN nanosheet
and formation of CH3O–BN, CBr2–BN, OH–BN and NH2–BN complexes.
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in the case of parallel and perpendicular coordination,
which indicate electronic couplings smaller than in
co-facial coordination. The results in Table 3 have indi-
cated the energy level shifts of molecule → surface–
HOMO and molecule → surface–LUMO of complexes
as a function of their distance d orbitals from the high
symmetry points of each of CH3OH, CHBr2, NaOH
and NH3 molecules adsorbed on the BN surface.

CONCLUSIONS
Based on the above experiments and analysis, the

graphitic-like BN monolayer nanosheet was prepared
by a molecular modeling calculation and ONIOM
method using DFT study. The adsorption perfor-
mance and mechanism of BN nanosheet for CH3OH,
CHBr2, NaOH and NH3 molecules were investigated.

The current research wanted to remark the illustra-
tion of molecule adsorption on BN nanosheet. Partic-
ularly, the structural, energetic, and infrared adsorp-
tion properties of linearly atop for CH3OH, CHBr2,
NaOH and NH3 molecules adsorbing on BN nanosheet
has been explored by using DFT calculations.

The values of changes of charge density have shown
a more important charge transfer for BN nanosheet
which acts as the electron acceptor while organic mol-
ecules act as the electron donors through adsorption
on the graphitic-like BN surface. It has been assumed
that the priority for selecting the surface binding of C-
RUSSIAN JOURNAL OF PHYSICAL CHEMISTRY B  Vo
atom of CHBr2, N-atom of NH3, and O-atom of
CH3OH and NaOH in adsorption site can be
impacted by the existence of close atoms in the BN
surface through formation of CH3O–BN, CBr2–BN,
OH–BN and NH2–BN complexes.

In fact, the boron site in BN nanosheet has higher
interaction energy from Van der Waals’ forces with
organic molecules including CH3OH, CHBr2, NaOH
and NH3 that can make them highly stable. Finally,
our molecular simulation consequences have exhib-
ited the existence of orbital hybridization between
boron sites and CH3OH, CHBr2, NaOH and NH3
molecules that also approves the recovery of adsorp-
tion susceptibility of BN nanosheet.

This article summarizes the possibility of BN–
based nanomaterials as adsorbents for the adsorption
of some organic contaminants of CH3OH, CHBr2,
NaOH and NH3. The results showed that BN-based
nano adsorbents can be a preferable option presently
used or studied for water and wastewater treatment.
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