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ABSTRACT
Electrical sensitivity of a boron nitride nanosheet (BNNS) was examined toward cyanogen (C2N2)
molecule by using density functional theory (DFT) calculations at the B3LYP/6-31G (d) level, and it was
found that the adsorption energy (E ad) of cyanogen on the pristine nanotubes is a bout -0.76kcal/mol.
However when nanotube has been doped with Si and Al atoms, the adsorption energy of cyanogen
molecule was increased. Calculation showed that when the nanosheet is doped by Si, the adsorption
energy is about -85.62 to -87.43kcal/mol and also the amount of HOMO/LUMO energy gap (E g) will
reduce significantly. Boron nitride nanosheet is a suitable adsorbent for cyanogen and can be used in
separation processes cyanogen. It is seem that nanosheet (BNNS) is a suitable semiconductor after
doping. The doped BNNS in the presence of cyanogen an electrical signal is generating directly and
therefore can potentially be used for cyanogen sensors.
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INTRODUCTION
Cyanogen is a toxic gas that is smell like bitter almonds. Molecules with cyanogen groups are common
species in several D-class asteroids (Cruikshank et al., 1991), and in chemical models for circumstellar
envelopes involving CN reactions (Mebel et al., 2002).
Since the discovery of carbon nanotube (CNT) by Iijima (1991) the properties and applications of this
novel material have been investigated extensively (Hummer, 2007; Zhu et al., 2011; Hung et al., 2004).
CNTs have recently emerged as a promising substitute for materials of different properties and various
applications in hydrogen storage, gas sensors, textiles and many more (Fam et al., 2011; Cabria et al.,
2006).
BN nanomaterials, including BN nanosheets (BNNSs), BN nanotubes (BNNTs) and BN nanoparticls
(BNNPs) are of potential use in nano-dimensional electronic devise and nanofillers for composites in
termsof their unique physical and mechanical properties ( Zhic et al., 2010; Cho et al., 2013; Kusunose et
al., 2002).
BN sheet has aroused extensive research interest due to its many in triguing properties such as high
chemical stabilities, excellent mechanical properties and high conductivity (Wu et al., 2005; Gard et al.,
2008).
Previously adsorption different molecules toward nanostructures have been studied (Moghimi and Baei,
2012; Peyghan et al., 2013; Beheshtian et al., 2013; Noei et al., 2013). In this study, the adsorption of
cyanogen on the pristine case BNNS while Si and Al atoms are in its structure has been investigated.
MATERIALS AND METHODS
Computational Methods
Computation procedures are including the following:
We have optimized the cyanogen molecule and BNNS at the B3LYP/6-31G (d) level of theory. BNNS is
made up of 39N, 39B atoms were saturated by 24 hydrogen atoms which are in initial and end part of
nanosheet. The reason for this act had been done to decrease the boundary effects (Figure 1).
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Figure 1: BNNS and DOS diagram for Eg of nanosheet
The GAMESS software (Schmidt, 1993) is used to perform these calculations. The B3LYP is
demonstrated to be a reliable and commonly used functional in the study of different nanostructures
(Beheshtian et al., 2012; Owens, 2011; Fokin and Schreiner, 2009). We made cyanogen molecule from
different positions of the site to be close to the nanosheet (Figure 2).

Figure 2: Cyanogen adsorption on the BNNS and DOS diagram for observing Eg of nanosheet
.Distance is in Å
And it’s adsorption has been calculated by using the Eq.(1).
Ead=ENanosheet + Cyanogen – [ECyanogen + ENanosheet] + δBSSE

(1)

According to the mentioned equation E Cyanogen is cyanogen molecule’s energy, ENanosheet is the nanosheet
energy and E Nanosheet + Cyanogen is the nanosheet’s energy with cyanogen. In addition, δBSSE is representing
the basis set super position error. In the following steps Si and Al atoms in the nanotube structure have
been doped to examine the cyanogen adsorption on the nanosheet and conductivity that which is doping
with Si and Al atoms.
RESULTS AND DISCUSSION
Figure 1, shows the structure of boron nitride nanosheet (BNNS), in order to obtain the most stable
adsorption mode of cyanogen molecule on different positions of BNNS, the most stable configuration is
shown in Figure 2 , that carbon atom of cyanogen is 4.76Å far from nitrogen atom of the nanosheet .
Detailed information of the structure and electronic properties of the BNNS including the HOMO/LUMO
energy gap (Eg) are shown in Table 1 in which adsorption energy (E ad) for mentioned configuration of
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cyanogen and nanotube is about -0.76kcal/mol and then we calculated the HOMO/LUMO energy gap
(Eg) for pristine nanotube since the cyanogen molecule is adsorbed on the nanosheet (Table 1). Diagram
which shows HOMO/LUMO energy gap (Eg) has been calculated, and the diagram which shows E g has
been obtained by using density of state (DOS) software.
Table 1: Ead(kcal/mol), eV for the others
System
Ead
EHOMO

ELUMO

Eg

BNNS

-

-6.28

-0.35

3.69

C2N2/BNNS

-0.76

-6.29

-2.45

3.86

-

-4.47

SiN

-0.46

4.01

SiN-C2N2

-87.43

-5.83

-2.44

3.39

SiB

-

-1.86

-0.45

SiB-C2N2

-85.62

-5.29

-2.35

AlN

-

-5.11

-2.47

2.64

AlN-C2N2

-15.61

-5.07

-2.42

2.65

AlB

-

-6.29

-0.25

4.01

AlB-C2N2

-7.52

-6.27

-2.56

3.71

1.41
2.94

Adsorption OF C2N2 ON Al Doped BNNS
The sensitivity of the adsorption of C2N2 on surface of BNNS has been examind two times, once with B
atom doped by Al and in the other N atom by Al atom has been doped. Doped calculation of Al on BNNS
shows that the value of HOMO/LUMO energy gap (E g=2.64eV) is less than the pristine nanotube with
Eg=3.69eV (Fig.3) and the best adsorption energy (Ead=-15.61kcal/mol) is obtained when Al sitting
instead of N and cyanogen has been adsorbed.

Figure 3: Doped nanosheet by AlN and DOS diagram for Eg of nanosheet
When Al doping on BNNS in the presence of cyanogen electrical signal is generation directly and
therefore can potentially be used for cyanogen sensors. DOS diagram clearly shows that when Al is doped
on the BNNS (Figure 3) it will become a semiconductor (Eg=2.64eV). Optimizations of these types of
interactions are desirable for gas detection because such strong interactions mean the BNNS is a suitable
absorbent for cyanogen molecule (Figure 4).
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a)

b)

Figure 4: a) Cyanogen adsorption on doped nanosheet by AlN and DOS diagram for observing Eg of
nanosheet. b) Cyanogen adsorption on doped nanosheet by AlB and DOS diagram for observing Eg
of nanosheet. Distance is in Å
If Ead is significantly increased then it is expected that recovery will be so long, meanwhile according to
transition state theory and recovery time can be explain as Eq.( 2)
τ = υ0-1 exp (-Ead/kT)

(2)
’

Where T is the temperature, k is the Boltzmann s constant, and υ0 is the attempt frequency.
According to this equation as long as adsorption energy (Ead) is increasing the recovery time becomes
longer and calculation in Table1.
Adsorption OF C2N2 ON Si Doped BNNS
At this stage doping has been studied with another element.
First, instead of B atom in the boron nitride nanosheet a Si atom and then instead of N atom a Si atom
replaced in a nanosheet (Figure 5), and then geometrical structures and electronic properties of BNNS are
doped and their adsorption behavior are studied (Figure 6).
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Figure 5: Doped nanosheet by SiN and DOS diagram for Eg of nanosheet
Computations shows that when B atom replaced by Si in BNNS the HOMO/LUMO energy gap will
become less of pristine BNNS ( Eg=3.96eV), (Figure 6).
a)

b)

Figure 6: a) Cyanogen adsorption on doped nanosheet by Si N and DOS diagram for observing of
Eg nanosheet. b) Cyanogen adsorption on doped by SiB and DOS diagram for observing of Eg
nanosheet. Distance is in Å
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When Si is sitting of N and B, the adsorption energy of cyanogen on nanotube is more (Ead=87.43kcal/mol) than when we just use the pristine nanotube (E ad= -0.76kcal/mol). After adsorption of
C2N2 on the mentioned nanosheet that has doped by Si the HOMO/LUMO energy gap (E g=3.39eV) will
decrease the pristine of nanosheet and therefore a substantial increase will occur in conductivity and this
phenomenon can be explain as Eq. (3), (Beheshtian et al., 2012)
σ exp(-Eg /2kT)
(3)
Where σ is conductance, T is temperature, k is Boltzmann constant. According to this equation as long as
Eg is smaller, the conductivity to be more it can be concluded that, so the Si atom is a suitable for doping
in BNNS.
Conclusion
The adsorption of an cyanogen (C 2N2 molecules on the surface of BNNS (boron nitride nanosheet) has
been studied by using density functional theory (DFT) and then we doped the Al atom in the structure of
the nanosheet, the results show it is clearly possible to modify the nanosheet as an effective adsorbent of
cyanogen molecule in gas sensors which are sensitive about cyanogen. These results may open new doors
to chemically modify the nanosheets thereby expanding their applications in industry and technology.
ACKNOWLEDGEMENT
We are appreciative and thankful to the Islamic Azad University of Mahshahr in advance for to their
financial supports.
REFERENCES
Beheshtian J, Noei M, Soleymanabadi H and Peyghan AA (2013). Aamonia monitoring by carbon
nitride nanotubes: A density functional study. Thin Solid Films 534 650-654.
Beheshtian J, Peygan AA and Bagheri Z (2012). Appl. Surf. Electronic Respone of nano-sized cages of
Zno and Mgo to presence of Nitric oxide. Science 259 631-637.
Cabria I, Lopez MJ and Alonso JA and Comp. Mater (2006). Density Functional calculations of
hydrogen adsorption on boron nanotubes and boron sheets. Science 35 238-242.
Cho HB, Takio Y, Tanaka S, Suematsu H, Suzuki T and Jiang W et al., (2011). Composition of Same
Cultivars in Different Environments are Rare Due to Limited Exchange 71 2678-2686.
Cruikshank DP, Allamandola LJ, Hartmarin WK, Tholen DJ, Brown RM, Matthews CN and Bell
JF (1991). Three basaltic asteroids and the source of the Eucrites. Icarus 89 1-13.
Fam DWH, Al Palaniappan, Tok AIY, Liedberg B and Moochhala SM (2011). Sens: A review on
technological aspects in fluencingcommercializatior of carbon nanotube sensors. Sensors and Actuators
B: Chemical 157 I.
Fokin AA and Schreiner PR (2009). Band gap tuning in nanodiamonds: first principle computational
studies. Molecular Physics 107 823-830.
Grade GB, Blaha P, Schoartz K and Greber WT (2008). Density functional theory investigation of
the geometric and spinttronic structure of h-BN/Ni(111) in view of photomission and STM experiments.
Physical Review B 68 085404-085410.
Hummer G (2007). Water, protonund ion transport: from nanotubes to proteins. Molecular Physics 105
201.
Hung FR, Dudziak G, Sliwinska-Barthkowiak M and Gubbins KE (2004). Freezing/melting behavior
within carbon nanotubes. Molecular Physics 102 223-234.
Iijima S (1991). Science of Fullerenes and carbon nanotubes. Nature 354 56-58.
Kusunose T, Sekio T, Choo YH and Niihara K (2002). Machinability of Silicon Nitride/Boron Nitride
Nanocomposites. Journal of American Ceca society 85 2689–2695.
Mebel AM, Kaiser RI, Chang AHH, Lin SH and Lee YT (2002). Crossed-beam envelopes of carbon
stars: an ab initio study. Astrophysical Journal 564 787-791
Moghimi M and Baei MT (2012). Nanostructures study of chemisorptions of O 2 molecule on Al(100)
surface. Journal of Saudi Chemical Society 37 45-53.
© Copyright 2014 | Centre for Info Bio Technology (CIBTech)

5079

Indian Journal of Fundamental and Applied Life Sciences ISSN: 2231– 6345 (Online)
An Open Access, Online International Journal Available at www.cibtech.org/sp.ed/jls/2015/01/jls.htm
2015 Vol.5 (S1), pp. 5074-5080/Noei and Arjmand

Research Article
Noei M, Salari AA, Ahmadaghaei N, Bagheri Z and Peyghan AA (2013). DFT study of the
dissociative adsorption of HF on an AlN nanotube. Comptes Rendus Chimie 174 235-244.
Owens FJ (2011). Increases the B/N ratio in boron nitride nanoribbons a possible approach dilute
magnetic semiconductors. Molecular Physics 109 1527-1531.
Peyghan AA, Yourdkhani S and Noei M (2013). Working Mechanism of a BC3 Nanotube Carbon
Monoxide Gas Sensor. Communications in Theoretical Physics 60 138-145.
Schmidt M (1993). General atomic and molecular electronic structure system. Journal of Computational
Chemistry 14 1347-1363.
Wu RQ, Liu L, Peng GW and Feng YP (2005). Magnetism in BN nano tubes induced by carbon doing.
Applied Physics Letters 29 12510-12512.
Zhic Bando Y, Tang C and Colberg DR (2010). Dielectric and thermal properties of epoxy/boron
nitride nanotube composites. Pure and Applied Chemistry 82 2175-2183.
Zhu BE, Pan ZY, Hou M, Cheng D and Wang YX (2011). Melting behavior of gold nanowires in
carbon. Molecular Physics 109 527-533.

© Copyright 2014 | Centre for Info Bio Technology (CIBTech)

5080

