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ABSTRACT 

To detect POCl3 molecule, adsorption phenomena of this molecule on the pure, Al- and Si-

doped BN sheet surfaces were investigated via density functional theory (DFT) approach. The 

most stable adsorption complexes, including POCl3/BN (O-B), POCl3/Al-BN (O-Al), and 

POCl3/Si-BN (O-Si), were predicted with the adsorption energies of about -8.64, -37.01 and, -

62.01 kcal mol
-1

, respectively. Upon the adsorption process, the computational parameters 

indicated that the interaction of POCl3 with Si-BN sheet was highly strong energetically, 

rationalizing more reactivity of the Si-BN to POCl3, which led to the dissociation of this toxic 

molecule into the lower toxicity fragments with less harm to environmental protection. 

However, very strong interactions are not propitious in the sensing performance because of 

the high recovery time of the sensor. Based on the density of states (DOS) analysis, it was 

also revealed that the electronic sensitivity of the Al-BN sheet to POCl3 increased with a 

significant variation by about -27.99% in the HOMO/LUMO energy gap. These changes are 

confirmed by the large electron charge transfer (QT) from POCl3 molecule to the sheet surface 

and appearance the electronic new states within the energy gap (Eg). As a result, the changes 

in the electronic conductivity of the sheet create an electrical signal in the electronic circuit 

for detecting POCl3 in the surrounding. Therefore, Al-BN possesses a more efficient function 

as a potential resource in the gas sensors. 

 

Keywords: BN nanosheet; Density functional theory; Phosphoryl chloride; Sensing 

properties 

 

1. INTRODUCTION

Phosphoryl
1
 chloride (POCl3) is a 

hazardous molecule for human health. It is 

likely highly toxic by immersing, lethal by 

breathing, and noxious through skin 

absorption, creating vigorous burns and 

leading to scarring. Its application in the 
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laboratory, including a drying agent and 

intermediate for the production of various 

kinds of materials, can be used to 

manufacture mixtures in the medical 

industry. It can also be used to produce 

chemical weapons of nerve gas [1]. Hence,  
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designing and fabrication of extremely 

sensitive, credible, rapidly reactive, 

selective, portable, and valid inexpensive 

sensors for detection of this toxic molecule 

are the challenging issues in the sensing 

fields. So far, various nanostructures 

containing nanotubes and nanosheets have 

been explored due to the high surface to 

volume ratios and greater electronic 

sensitivity. These features enable them to 

enhance the adsorption capacity and raise 

gas sensor character [2-8]. Numerous 

nanostructure-based sensors have been 

already expanded for various gases based 

on experimental and theoretical methods 

[9-13]. Since experimental techniques 

require expensive tools and are not 

sufficiently sensitive, a few theoretical 

approaches have been created to determine 

sensing properties of nanomaterials toward 

chemicals [14-18]. One of the simplest 

methods is based on variations in 

HOMO/LUMO energy gap (Eg) of the 

sensor upon the adsorption process through 

DFT computations [19-21]. Several 

investigations have been performed on the 

BN nanostructures because of their 

remarkable properties such as high thermal 

conductivity, chemical stability, wide band 

gap, strong resistance to oxidation, less 

toxicity, and chemical inertness [22-25]. 

The graphene-like BN nanosheet is one of 

the nanostructure species that possesses a 

stronger B-N bonding, with higher thermal 

and chemical stability of BN nanosheet 

than that of graphene, leading to 

improvement of the thermal and 

mechanical properties. Therefore, these 

structures have extensive applications in 

insulators, skincare products, solid 

lubricants, pencil leads, and so on [26, 27]. 

Also, further efforts have been made to 

improve the sensing function of the 

nanostructures. For instance, it has been 

shown that the inclusion of various 

impurities, as well as the creation of 

structural defects into the surface of 

nanostructures, cause changes in their 

electronic properties. Zhang et al. studied 

the adsorption of CO molecule on Al-

doped, mono-vacancy and stone-wales 

defected h-BN and reported that the 

modified sheet was more sensitive to 

detect CO molecule than the pristine one 

[28]. Liu et al. found that the interaction of 

Fe@BNNT with NO2 molecules was 

energetically more favorable than that of 

the pristine and 0.38 e charge transfer (QT) 

between them, indicating the enhancement 

of electrical conductance of the structure 

[29]. Zhang et al. showed that the HCOH 

molecule could be chemisorbed (strong 

interaction) to Si-BNNTs [30]. Synthesis 

of Si-doped BN nanotubes has recently 

been reported through chemical vapor 

deposition. Theoretical computations 

indicated that substituting a B atom of 

BNNTs by a Si atom resulted in the sizable 

narrowing of gap energy of BNNTs [31]. 

For the first time, the current letter reports 

the adsorption effects of POCl3 molecule 

on the electronic properties changes of the 

bare BN nanosheet and its impurities 

within DFT formalism. This study aimed 

to discover the nanosheet potential features 

for detecting and monitoring toxic gases in 

residential and industrial environments.    
 

2. THEORETICAL METHOD 
The structural and electrical properties 

of BN-nanosheet and its derivatives were 

evaluated here to determine the sensor 

capability for detecting gas molecules. To 

this end, the adsorption process of POCl3 

molecule on the sheets surfaces was 

investigated with M06-2X density 

functional and 6-31+G(d) basis set as 

executed in the Gaussian 09 electronic 

structure package [32]. A previous report 

indicates that M06-2X density functional 

delivers reasonable results for adsorption 

energies, thermochemical features, and 

non-covalent interactions [33]. Initially, all 

available configurations were optimized in 
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the same level of computation as 

mentioned above. The values of adsorption 

energies were computed matching with the 

following formula:  

Ead = Etot (POCl3/BN) – Etot (BN) – Etot 

(POCl3) + E (BSSE)                                (1) 

 

in which Etot (POCl3/BN), Etot (BN), and 

Etot (POCl3) are the total energy of POCl3-

BN complex, isolated (BN, Al-BN and Si-

BN) sheet, and single POCl3 molecule, 

respectively. E (BSSE) is the basis set 

superposition error (BSSE) obtained by the 

Boys–Bernardi counterpoise method [34]. 

Frontier molecular orbital (FMO) and 

molecular electrostatic potential (MEP) 

surface analyses and all energy 

computations were carried out by the same 

M06-2X/6-31+G(d) level of theory. To 

measure the electronic sensitivity, the 

changes of HOMO/LUMO gap (Eg) as a 

proper index is determined by: 

ΔEg = [(Eg2 – Eg1)/Eg1]*100                  (2) 

 

where Eg1 and Eg2 are the values of Eg for 

pure BN and the corresponding complexes, 

respectively. A standard method to specify 

the electrical conductance and its relation 

with the HOMO/LUMO gap energy (Eg) of 

semiconductor materials can be expressed 

as follows [35]: 

σ = AT
3/2 

exp(-Eg/2kT)                           (3) 
 

where A (electrons/m
3
K

3/2
) is a constant 

and k is the Boltzmann's constant. This 

manner is approximately consistent with 

the experimental results. The density of 

states (DOS) plots was analyzed using the 

GaussSum code [36]. 

 

3. RESULTS AND DISCUSSION  

3.1. Optimized structural characteristics 

of pure BN-sheet 

The optimized structure of the pure BN-

sheet and its HOMO and LUMO maps are 

represented in Fig. 1. The B-N bond length 

is about 1.45 Å, which is confirmed by 

previous reports [37, 38]. The end edges of 

the BN-sheet are saturated with hydrogen 

atoms to inhibit the boundary effects. The 

HOMO and LUMO orbitals mostly 

concentrated on the N and B atoms, 

respectively, indicating electron-rich N 

atoms and electron deficient B atoms as 

adsorption sites in the BN-sheet. Due to 

the more different electronegativity 

between N and B atoms of the BN-sheet, 

possess negative and positive electrostatic 

potential, respectively, which exhibits the 

partial ionic nature of B-N bonds in the 

sheet. This is the basis of the wide 

applications of the BN nanostructures in 

the electronics and gas sensing. Also, 

natural bond orbitals (NBO) analysis 

indicated a positive charge value of about 

1.4 e on the B atoms and negative charge 

with the same value on the N atoms in the 

central ring of the BN-sheet. The 

magnitude of dipole moment of the pure 

BN-sheet is about 0.13 Debye, and its 

computed energy gap (Eg) by about 7.91 

eV which is highly larger than that of Eg of 

the graphene (0.32 eV) [38]. Therefore, in 

comparison with the semimetal behavior of 

graphene, the BN-sheet mostly exhibits a 

semiconductor property. Also, the density 

of states (DOS) analysis of pure sheet is 

displayed in Fig. 1.  

 

3.2. Adsorption of POCl3 on the pure BN-

sheet 

To earn the most stable complexes of 

POCl3/BN, numerous achievable initial 

structures were studied with different 

modes and orientations near the BN sheet 

surface. The oxygen and chlorine atoms of 

POCl3 molecule possess unlocalized lone 

pairs that can be interacted with the empty 

2p orbitals of B atoms of the sheet; hence, 

these atoms are located on the B atoms of 

the sheet. Also, molecular potential 

electrostatic (MEP) map of POCl3 

molecule (Fig. 2) was explored to 

scrutinize the molecular adsorption 
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process. As seen in Fig. 2, the negative 

electrostatic potential on oxygen atom can 

interact with any positive site. After the 

structural optimization process, only one 

kind of the most stable configuration was 

obtained with minima potential energy. 

Table 1 summarizes the adsorption energy, 

net charge transfer, HOMO and LUMO 

energies, energy gap (Eg), and changes of 

Eg (%ΔEg) for this structure.  

 

Fig. 1. Optimized structures and density of states (DOSs) plots of the pure, Al- and Si-doped 

BN sheet. The distances are in A
º
. 
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Fig. 2. Calculated molecular electrostatic potential (MEP) surface map of the POCl3 

molecule. Color ranges are in a.u.: -0.031 > red; -0.031 > yellow > 0; blue > 0.031. 

 

Table 1. Calculated adsorption energies (Ead, kcal mol
-1

), charge transfer (QT, e), HOMO and 

LUMO energies (eV), HOMO-LUMO energy gap (Eg, eV), and change of the Eg (%ΔEg) 

upon the adsorption of POCl3 molecule 
 

Structure Ead 

(kcal mol
-1

) 

QT 

(e) 

EHOMO 

(eV) 

ELUMO 

(eV) 

Eg 

(eV) 

%ΔEg 

BN - - -8.14 -0.23 7.91 - 

A -8.64 0.030 -8.12 -1.44 6.68 -15.55 

Al-BN - - -8.13 -0.52 7.61 - 

B -37.01 0.153 -7.79 -2.31 5.48 -27.99 

Si-BN - - -6.38 -0.24 6.14 - 

C -62.01 0.684 -7.55 -0.35 7.2 17.26 

 

The orbitals between O atom of POCl3 

and B atom of sheet (O-B) overlap 

strongly in the most stable configuration 

(complex A), leading to the formation of a 

strong O-B bond with an interaction 

distance of about 2.83 Å. Upon the 

adsorption process, rehybridization of B 

atom, as the adsorption site from sp
2
 to sp

3
, 

results in local slight deformation of sheet. 

Also, the P-O bond length of POCl3 

molecule is expanded (1.46 Å) after the 

adsorption process compared to the free 

molecule in gas phase (1.45 Å), indicating 

a significant interaction between O atom 

and the sheet surface. The adsorption 

energy of this complex is reported by 

about -8.64 kcal mol
-1

. Based on the NBO 

analysis, a charge transfer value of about 

0.03 e is transferred from the molecule to 

the sheet being greater than other 

complexes, confirming the strong 

interaction. To examine further adsorption 

process effects of the target molecule on 

the sheet electronic properties, density of 

states (DOS) plots and HOMO and LUMO 

maps for the most stable complexes are 

shown in Fig. 3.  

The adsorption of POCl3 molecule on 

the sheet in the complex of POCl3/BN 

sheet led to creation of new electronic 

states near the LUMO state and upper the 

HOMO state within the Eg. Changes of 

DOS complexes indicate high sensitivity 

of the sheet electronic properties to the 

adsorption of POCl3 molecule. As seen in 

Table 1, both the HOMO and LUMO 

states are slightly stabilized to the lower 

energies, in which Eg value decreases from 
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7.91 eV in the bare sheet to 6.68 eV in the 

complex of POCl3/BN (ΔEg = 15.55%).  

The electronic conductance changes 

decrease because of less band gap changes 

according to Eq. (3), which are converted 

to negligible weak electrical signals in 

electronic circuits. Thus, it can be 

concluded that the interaction between the 

molecule and BN-sheet alters the sheet 

electronic structure. However, the pure 

BN-sheet cannot be used as a proper 

sensor for detecting the molecule due to 

the weak adsorption energy and low 

adsorption capacity. Thus, there is a need 

to modify the structure to improve its 

elctronic sensitivity.  
 

 
Fig. 3. Optimized structures of the most stable complexes of (A) POCl3/BN, (B) POCl3/Al-

BN, and (C) POCl3/Si-BN and corresponding partial density of states (PDOS) plots. The 

distances are in A
º
. 
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3.3. Modification of the BN sheet 

structure with Al-doping- and Si-doping  

3.3.1. Adsorption of POCl3 on Al-BN 

sheet 

To achieve suitable chemical gas 

sensors with high performance, this study 

sought to modify the BN sheet structure to 

resolve this enigma because of the 

insensitivity of the pure BN-sheet to POCl3 

molecule. One of the ways to improve the 

electronic sensitivity of nanostructures is 

chemical doping process, which changes 

the electronic structure of the sheet. Many 

papers have reported that adding 

heteroatoms to nanomaterial structures 

could improve their reactivity and 

sensitivity to adsorbate molecules [39-43]. 

In the current work, a B atom of the BN-

sheet as an active site is substituted by an 

Al atom, and the newly formed Al-N bond 

length (1.74 Å) is larger than the 

corresponding B-N bond length (1.45 Å) 

(Fig. 1). The calculations indicate that 

replacing N atom by Al atom is 

energetically unfavorable. Due to the 

larger size of Al atom than B atom, doped 

Al atom projected slightly out of the plane 

(Fig. 1) and its rehybridization from sp
2
 to 

sp
3
 cause slightly deformed structure of 

sheet near the doped site; besides, its 

electronic properties suffer great changes. 

After the encapsulation of Al atom in the 

sheet, Eg value decreased from 7.91 eV 

(bare BN-sheet) to 7.61 eV (Al-BN sheet) 

upon the optimization process, in which 

the LUMO state shifts from -0.23 eV to 

lower energies (-0.52 eV) and is stabilized 

slightly. The less changes of Eg indicate 

that B and Al atoms have valence 

isoelectronic, as a result, there are not 

much differences in the electronic 

properties between the BN-sheet and Al-

BN sheet. Also, the estimated value of 

dipole moment is about 0.32 Debye for the 

Al-BN model. Based on the DOS plot of 

the Al-BN sheet (Fig. 1), the gap energy 

decreases slightly due to the appearance of 

new quantum state near the LUMO state. 

According to the molecular electrostatic 

potential (MEP) surface of Al-BN sheet 

(Fig. 4(a)), positive electrostatic region on 

Al atom can interact with each negative 

electrostatic site of adsorbate.  

 

Fig. 4. The MEP of (a) Al-BN sheet and (b) the most stable 

complex (POCl3/Al-BN sheet); blue color on Al atom 

indicates the positive electrostatic potential and red color on 

oxygen atom of the complex denotes the negative 

electrostatic potential. 
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In the most stable complex (POCl3/Al-

BN sheet), POCl3 molecule is linked from 

posphoryl group (-P=O) oxygen atom to Al 

atom with a O-Al bond length of about 

1.92 Å (Fig. 3) and an evaluated 

adsorption energy of about -37.01 kcal 

mol
-1

 being high greater than that of the 

pure sheet (Table 1). In this complex, 

oxygen atom with high nucleophilic nature 

tends to attach Al atom depletion electron, 

leading to the chemisorption (strong 

interaction) and a remarkable increase in 

the sheet reactivity. The chlorine atoms of 

POCl3 molecule, however, interact 

somewhat weakly with the Al-BN than that 

of oxygen atom owing to the σ-holes 

(positive electrostatic potential regions) of 

chlorine halogens. To explore the 

electronic sensitivity of the Al-BN to 

POCl3 molecule, drown density of states 

(DOS) plot of Al-BN is compared with the 

pure BN-sheet (Fig. 3). This comparison 

clearly illustrates significant difference of 

their DOS plots due to the stronger 

interaction of POCl3 with the Al-BN. Upon 

the POCl3 chemical adsorption process on 

the Al-BN, Eg value noticeably decreases 

from 7.61 (bare Al-BN) to 5.48 eV 

(POCl3/Al-BN complex) and the sheet 

represents more semiconducting property. 

The HOMO state slightly shifts to upper 

energies (from -8.13 to -7.79 eV), and 

destabilized slightly, but the LUMO state 

is notably stabilized with shifting from -

0.52 to -2.31 eV, leading to a dramatic 

decrease in Eg value (Table 1). Based on 

Eq. (3), the great changes in Eg result in 

major variations in the electrical 

conductivity of Al-BN, which demonstrate 

the high sensitivity of electronic properties 

of Al-BN to POCl3 adsorption. Therefore, 

it can be concluded that the Al-BN is a 

suitable chemical sensor for detecting 

POCl3 molecule. Based on our prediction, 

the adsorption of POCl3 on the Al-BN 

sheet may be reversible because of the 

moderate Ead. It is worth noting that very 

strong interactions are not favorable in gas 

detection because of hard desorption and 

subsequently a great recovery time. The 

recovery time of nanostructures can be 

reached through the transition state theory 

[44]:  

   ν0
-1

 exp (-Ead/kT)                              (4) 

 

where τ is recovery time, T is the 

temperature, k is Boltzmann’s constant, 

and ν0 is the attempt frequency. According 

to this equation, more negative Ead values 

will enhance the recovery time in an 

exponential manner. However, the 

estimated Ead of POCl3 in the Al-BN 

system is not very large to disallow the 

recovery of the sensor, and the recovery 

time will be minor. 

 

3.3.2. Adsorption of POCl3 on Si-BN sheet 

The basic decision in this paper is to 

probe the reliable gas sensors to detect 

POCl3 molecule. Therefore, the effects of 

Si atom inclusion into the sheet was 

investigated here to determine the 

reactivity of the BN sheet to POCl3 and its 

electronic properties. The optimized 

structure of Si-BN sheet is shown in Fig. 1. 

Numerous theoretical approaches based on 

the Si-doping have already investigated 

and reported their synthesis [45-48]. When 

a B atom of sheet is replaced by a Si atom, 

the geometry structural of the sheet is 

slightly distorted in the adjacency of doped 

Si site and doped Si atom is slightly pulled 

out of the sheet surface to reduce pressing. 

The newly made Si-N bond length of about 

1.72 Å is greater than the B-N (BN sheet) 

and lesser than the Al-N (Al-BN) because 

of the lower radius of Si atom (~1.46 Å) 

than that of Al atom (~1.82 Å) and larger 

than that of B atom (~1.17 Å). The NBO 

analysis indicates that the hybridization of 

sp
3
 for Si atom with a high coordination 

number is more accessible for interaction 

against adsorbates. The Eg of about 6.14 

eV computed for Si-BN is lower than that 



R. Moladoust /J. Phys. Theor. Chem. IAU Iran, 16 (3, 4) 103-116: Fall 2019 & Winter 2020 

 

111 

of pristine BN and Al-BN. The lower Eg 

value is attributed to the lower kinetic 

stability and higher reactivity of the sheet. 

Thus, the electronic property of Si-BN is 

considerably different from those of the 

other sheets. Owing to the 

electronegativity difference between Si and 

N atoms of the sheet, the charge transfer 

from Si to B atom causes a positive charge 

of about 3.19 e on the Si atom and average 

negative charges in the range of -1.79 to -

1.97 e on the neighboring N atoms, based 

on the natural population analysis (NPA). 

Also, spin density surface analysis (Fig. 5) 

exhibits that high spin density 

accumulation on the Si atom helps the BN 

sheet to be more active by dopant Si.  

The Si-BN structure possesses a dipole 

moment of 0.59 Debye magnitude. The 

HOMO-LUMO orbitals of Si-BN are 

noticeably different from those of the other 

BNNs. The HOMO state of the Si-BN is 

singly occupied by electron molecular 

orbital (SOMO) that tends to donate 

electron to the electrophilic groups, and is 

located on the doped Si atom. The energy 

of SOMO state of Si-BN is greater by 

about 0.89 eV than the HOMO state of 

pristine BN, making it more accessible for 

electrophilic attacks. On the other hand, 

the LUMO state is centralized on the Si 

atom, which can also have the role of the 

acceptor electron, and this adsorption site 

is suitable for nucleophilic attacks. Upon 

the adsorption of POCl3 molecule on the 

Si-BN, our calculations indicate that POCl3 

molecule mostly tends to interact with Si 

atom of the sheet from phosphoryl group  

(-P=O) oxygen side in the most stable 

complex. The equilibrium interaction 

distance and the corresponding adsorption 

energy are about 1.71 Å and -62.01 kcal 

mol
-1

, respectively. The much greater 

adsorption energy indicates the stronger 

interaction of POCl3 with Si-BN than with 

Al-BN. As mentioned previously, a great 

adsorption energy is not favorable to 

sensing devices due to the hard recovery of 

sensor and increments in the molecule 

desorption time, which account for the 

disadvantages of these sensors. However, 

the potential application of Si-BN is 

dissociation of the poisonous POCl3 gas in 

the environment (regarding the kind mode 

or orientation of gas molecule) to less toxic 

fragments and removing its toxicity 

effects. The local curvature and 

rehybridization of doped Si of the sheet 

structure Likely lead to the enhanced 

reactivity of the nanosheet. Upon the 

adsorption process, the electronic 

properties of sheet also changed sensibly. 

Table 1 and DOS analysis (Fig. 3C) clearly 

indicate that the Eg value increases by 

about ~17.26% from 6.14 (bare Si-BN) to 

7.20 eV (POCl3/Si-BN complex). It can, 

therefore, be concluded that the electronic 

structure of the sheet is significantly 

affected upon the POCl3 adsorption. Based 

 
 

Fig. 5. The spin density surface (SDS) profile of Si-BN sheet indicating high spin density 

accumulation over Si-doped atom. 
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on Eq. (3), this results in more 

variations in the electrical conductivity of 

the material that can be converted to an 

electrical signal to diagnose POCl3 

molecule. According to Eq. (4), however, 

it cannot be utilized as an efficient sensor 

to detect this molecule because of the great 

adsorption energy and large recovery time. 

 

3.3.3. Response and selectivity of the 

nanosensor 

According to our calculations, since the 

Al-BN sheet is recognized as a good 

sensor for detecting POCl3 gas, the effects 

of the disturbing air gases, such as O2, N2, 

and CO2, were explored on the sensor 

selectivity. These gases were adsorbed on 

Al-BN sheet and computations were 

performed on the same level of theory. The 

adsorption energy of CO2 gas is the highest 

value among small nonpolar molecules 

(O2, N2) due to the high molecular mass, 

size, and polarizability effects. CO2 gas 

tends to interact with doped Al atom of the 

sheet through the oxygen atom with an 

adsorption energy of about -11.24 kcal 

mol
-1

 and an equilibrium distance of about 

2.10 Å. The numerical results of Ead and 

the electronic properties (Table 2), as well 

as large interaction distances (Fig. 6) 

suggest that the interactions of these gases 

with Al-BN are very weaker than with 

POCl3 gas.  

These weak interactions are attributed 

to the appearance of instantaneous dipole 

moment and induced dipole moment on the 

sheet structure and nonpolar molecules 

(Van der Waals forces). The electronic 

structure of the sensor could not be 

affected by weak interactions (lower 

adsorption energy values), as a result, the 

sensor can detect POCl3 gas in the 

presence of the other disturbing gases. It 

can be suggested that Al-BN possess a 

high selectivity to identify the probe 

molecule.  

 

4. CONCLUSION  

The electronic properties and surface 

reactivity of BN nanosheets were explored 

through DFT calculations. The results 

indicate that Al-doping is an effective 

method to improve the electronic 

sensitivities of BN and Al-BN. Hence, it 

could be utilized as a potential material to 

recognize POCl3 molecule as it possesses 

high selectivity even in the presence of air 

disturbing gases. Si-doping inside the BN, 

on the other hand, causes a higher 

reactivity of Si-BN due to the 

chemisorption of molecule, in which the 

doped Si creates a catalytic active site on 

the sheet surface, leading to remarkable 

changes of the electronic properties. 

Owing to the higher adsorption energy and 

larger recovery time, however, the sensor 

does not function well for a toxic gas. Our 

results present deeper insight about the 

properties of BN nanostructures and the 

effects of adsorbed molecules on their 

electronic properties, which help to 

develop gas sensors with fast response and 

high sensitivity in nanodevices.   

 

Table 2. The adsorption energies (Ead), HOMO and LUMO energies, HOMO/LUMO gap 

(Eg), and the change energy upon the adsorption of air gases (N2, O2, and CO2) on Al-BN 

sheet 

%ΔEg 
Eg 

(eV) 

 
ELUMO 

(eV) 

EHOMO 

(eV) 

Ead 

(kcal mol
-1

) 
Configurations 

-0.39 

3.15 

7.58 

7.85 

 -0.54 

-0.22 

-8.12 

-8.07 

-3.78 

-4.73 

N2-Al-BN 

O2-Al-BN 

-4.46 7.27  -0.70 -7.97 -11.24 CO2-Al-BN 

 



R. Moladoust /J. Phys. Theor. Chem. IAU Iran, 16 (3, 4) 103-116: Fall 2019 & Winter 2020 

 

113 

 
 

Fig. 6. The optimized most stable configurations of O2, N2, and CO2 gases on Al-BN sheet. 

The distances are in Å. 
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  POCl3مطالعه نظری ادوات نانوحسگری بر پایه نانوورقه بور نیتریدی برای شناسایی مولکول 
 

لادوستورقیه م
 

 
 ، ایراناردبیل ،دانشگاه محقق اردبیلی، دانشکده علوم پایه، گروه شیمی

 

 چکیده
ور شناسایی آن با رهیافت منظبه Si-BNو  BN  ،Al-BNهای بر روی سطوح نانوورقه POCl3فرآیند جذب سطحی مولکول 

 ،POCl3/BN (O-B)های جذب شامل مورد بررسی قرار گرفت. پایدارترین کمپلکس (DFT)تئوری تابعی چگالی 

POCl3/Al-BN (O-Al)  وPOCl3/Si-BN (O-Si) کیلو کالری بر مول  -31/02و  -31/33،  -00/1های جذب با انرژی 

از لحاظ  POCl3با مولکول  Si-BNترهای محاسباتی نشان داد که برهمکنش بینی شدند. بعد از فرآیند جذب، پارامپیش

است که منجر به تفکیک این  POCl3با مولکول  Si-BNپذیری بالای دهنده واکنشباشد که نشانانرژیکی بسیار قوی می

. لازم به ذکر است که زیست مضرات کمتری دارد شوند که برای حفاظت محیطمولکول سمی به اجزائی با اثر سمیت کمتر می

های خیلی قوی به دلیل زمان بازیابی بیشتر سنسور و واجذب سخت مولکول برای کارآمد بودن یک سنسور گازی برهمکنش

دهد که در فرآیند جذب مولکول، نشان می (DOS)باشد. نتایج مطالعات با آنالیز چگالی حالات الکترونی مطلوب نمی

که دستخوش تغییر محسوسی در گپ انرژی طورییابد بهافزایش می POCl3مولکول به  Al-BNحساسیت الکترونیکی 

HOMO/LUMO  که مقدار بار الکترونی بزرگتری طوریشود. به% می-99/23در حدود(QT)  از مولکولPOCl3  به سطح

نتیجه، تغییرات در هدایت  شوند. درظاهر می (Eg)یابد و حالات الکترونی جدیدی در محدوده باندگپ نانوورقه انتقال می

شود. بنابراین، از الکتریکی نانوورقه منجر به تولید سیگنال الکترونی در مدار الکتریکی برای شناسایی مولکول در محیط می

Al-BN توان به عنوان سنسور کارآمد برای شناسایی مولکول می POCl3 .استفاده نمود 
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