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ABSTRACT 
Electrical sensitivity of a boron nitride nanotube (BNNT) was examined toward C5H5N molecules by 

using Density Functional Theory (DFT) calculations at the B3LYP/6-31G(d) level, and it was founding 

that the adsorption energy(Ead) of pyridine on the pristine nanotube is about 17.0 kcal/mol, but when 
nanotube has been doped with Si and Al atoms, the adsorption energy(Ead) and recovery time changed 

and the sensitivity of the nanotube as adsorbent of C5H5N molecule was increased. Calculations showed 

that when the nanotube is doping by Si, the adsorption energy is about -10.6kcal/mol and also the amount 

of HOMO/LUMO energy gap (Eg) will reduce significantly. Therefore when C5H5N molecule adsorption 
toward to BNNT, the nanotube has produced electrical signals and it seems the BNNT can be used as 

adsorbents for the sensors which are sensitive about C5H5N molecule.  

 
Keywords: Sensor, Nanotube, DFT  
 
INTRODUCTION 
Pyridine or C5H5N is a suitable material to applying for fuel, medicine and dyes (Henry, 2004; Lataye et 

al., 2006). Pyridine is a toxic liquid and its vapor has undesirable effect on the skin and eyes and also 

especially is an intense irritant for eyes that the exposure of it causes depression and can have serious 

health consequences for people (Mohan et al., 2004). Boron nitride nanotubes (BNNTs) have particular 
and unique properties and also have a semiconductor behavior. This behavior reason is the total atomic 

number of B and N (Hou et al., 2004; Zhang et al., 2005; Erkoc, 2001). That an interesting case for 

studying about these BNNTs is investigating, they composite types (Chopra, 1995; Golberg et al., 1999; 
Tang et al., 2002). Recently carbon nanotubes (CNTs) have emerged as promising alternative for 

hydrogen storage, gas sensors and others (Fam et al., 2011; Cabria et al., 2006). BNNT has different 

electronic properties by comparing with the CNT [17], BNNT has a much wider energy, small band gap 

and finally it is a semiconductor which is a very interesting material for applicative in nanoscale devices 
(Dresselhaus et al., 1996). Modifying electronic properties of nanotube is an important issue for designing 

nanao base in nano instruments. BNNT has composed by a single layer rotation of sp
2
.
 
BNNT's unique 

properties including tensile strength, stiffness and deformation are the feature of this nanotube (Rubio et 
al., 1994; Ouyang et al., 2002; Kane and Mele, 1997). Spiral structure around the pipe can cause the 

superconducting, conductors, semiconductors or insulators properties. In this study, the adsorption of 

pyridine on the pristine case BNNT while Al and Si atoms are in its structure has been investigated. 
Previous time Dr.Baei had studied pyridine adsorption on B12N12 nano-cage (Baei, 2013), but by 

comparing the results it has proved that BNNT is better to be as an adsorbent for pyridine. 

 

MATERIALS AND METHODS 
Computation procedures include the following: 

We've optimized the pyridine molecule and BNNT at the B3LYP/ 6-31G (d) level of theory. Boron 

nitride nanotube (BNNT) which is made up of 30 N and 30 B atoms was saturated by 10 hydrogen atoms 
which are in initial and end part of annotate. The reason for this act had been done to decrease the 
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boundary effects and totally nanotube is involving 70 atoms (Figure 1). The BNNT that has been selected 

is zigzag (5, 0) type and GAMESS software is used to perform these calculations. B3LYP has been 

shown to be safe and reliable command line that usually used and studied for various nanostructures. We 
made pyridine molecule from different positions of the site to be close to the nanotube and it's adsorption 

has been calculated by using the equation [1]. 

Ead= ENanotube + pyridine - [E pyridine + ENanotube] +δBSSE [1] 
According to the mentioned equation E pyridine is pyridine molecule's energy, Enanotub is the nanotube energy 

and ENanotube + pyridine is the nanotybe's energy with pyridine. 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 pyridine adsorption on the nanotube which is doping with Si and Al atoms.  
 

 
Figure 1: Pyridine adsorption on the BNNT and DOS diagram for observing Eg of Nanotube 
 

RESULTS AND DISCUSSION 

Figure 1 is showing the structure of boron nitride nanotube (BNNT), in order to obtain the most stable 
adsorption mode of C5H5N molecule on different positions of BNNT, the most stable configuration has 

shown in Figure 2, that nitrogen atoms of pyridine is 1.68A° far from boron atom of the nanotube. 

Detailed information of the structure and electronic properties of BNNT including Ead has been shown in 

Table 1. That the adsorption energy for mentioned configuration of pyridine and nanaotube is -17.0 
kcal/mol. The HOMO/LUMO energy gap (Eg) has been calculated (Table 1). and the diagram which 

shows Eg has been obtained by using DOS(density of state) software.  
 

Table 1: Ead (kcal/mol), eV for the others 
*
ΔEg(%) Eg ELUMO  EHOMO Ead System 

- 3.69 -2.76  -6.45 - BNNT 

+0.01 3.67 -2.33  -6.00 -17.0 Pyr-BNNT 
- 2.55 -3.51  -6.06 - SiN 

-75.6 0.62 -2.61  -3.23 -10.6 SiN-p 
- 2.78 -2.95  -5.73 - SiB 

-80.2 0.55 -2.66  -3.21 -25.7 SiB-p 

- 2.54 -3.00  -5.54 - AlN 
+11.0 2.82 -2.56  -5.38 -40.0 AlN-p 

- 3.74 -2.67  -6.41 - AlB 
-10.9 3.33 -2.64  -5.97 -43.8 AlB-p 
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Figure 2: pyridine adsorption on the BNNT and DOS diagram for observing Eg of Nanotube 
 

Adsorption of C5H5N on Al-doped BNNT: 
To examine the sensitivity of the adsorption of boron nitride nanotube of pyridine as an adsorbent for 

pyridine it examining has done tow times, once B atom doped by Al atom and other time N atoms by Al 
has been doped. Doped calculation of Al on BNNT shows that the value of Eg is less than the pristine 

nanotube (Figure 3) and the best adsorption energy (Ead) is when Al sitting instead of B and pyridine has 

been absorbed. DOS diagram clearly shows that when Al is doped on BNNT it will become a 
semiconductor, Then the investigation of C5H5N adsorption for doped Al on boron nitride nanotube from 

nitrogen side of pyridine has been studied (Figure 4). Optimization of these type of interactions is 

desirable for gas detection because such strong interactions means that the BNNT is a suitable absorbent 

for pyridine molecule. If Ead is significantly increased then it expect that recovery time will be so long, 
meanwhile according to transition state theory and recovery time can be explain as equation 2. 

τ = υ0
-1 

exp(-Ead/kT) [2] 

That in this equation τ represents the recovery time, T is temperature, k is Boltzman constant and υ0 is 
attempt frequency. According to this equation as often as adsorption energy is increasing the recovery 

time becomes longer and computation in Table show that the recovery time and adsorption energy is in 

suitable level. After computations we got it that when Al is sitting instead of N on BNNT the 

HOMO/LUMO energy gap will decrease (Figure 4). 

 
Figure 3: Doped nanotube by Al and DOS diagram for observing Eg nanotube 
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Figure 4: Doped nanotube by Si and DOS diagram for observing Eg nanotube 

 

Adsorption of C5H5N on Si-doped BNNT: 
At this stage doping of nanotube have been studied with another element. First, instead of B atom in the 

boron nitride nanotube a Si atom and then instead of N atom a Si atom replaced in a nanotube (Figure 5), 

and then geometrical structures and electronic properties of BNNT has been doped and its adsorption 
behavior have been studied. Computations showed that when Si replaced by N in BNNT the Eg will 

become less (Figure 6). 

 
Figure 5: pyridine molecule adsorption by the Al doped nanotube and DOS diagram for observing 

Eg of nanotube 
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Figure 6: pyridine molecule adsorption by the Si doped nanotube and DOS diagram for observing 

Eg of nanotube 

 
When Si is sitting instead of N and B adsorption energy of pyridine on nanotube is less than when we just 

use the pristine nanotube (not doped) and the same when Al is sitting instead of N and B (Table 2) and 

therefore due to less absorption energy the recovery time is shorter and shows that BNNT that has been 
doped by Si is a good adsorbent for pyridine gas sensors which are sensitive to this. After adsorption of 

C5H5N on the mentioned nanotube that has doped by Si HOMO/LUMO energy gap (Eg ) will decrease 
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and therefore a substantial increasing will happen in conductivity that this phenomenon can be explain as 

equation 3, (Li, 2006).  








 


kT

Eg

2
exp   [3] 

Where σ is conductance, T is temperature, k is the Boltzmann constant. According to this equation as 
often as Eg is smaller it leads the conductivity to be more it can be concluded that when Si is doping on 

BNNT in the presence of C5H5N an electrical signal is generation directly and therefore can potentially be 

used for C5H5N sensors. 

Conclusion 
The adsorption of an pyridine (C5H5N) molecules on the surface of BNNT (boron nitride nanotube) has 

studied by using density functional theory (DFT) and then we doped the Si and Al atoms in the structure 

of the nanotube, the results show it is clearly possible to modifying nanotubes as an effective adsorbent of 
pyridine molecule in gas sensors which are sensitive about pyridine. These results may be open a new 

gate to chemically modifying the nanotubes in away to expand the fields of its applications in industry 

and technology. 

 

ACKNOWLEDGMENT 

We are appreciating and thanking Islamic Azad University of Mahshahr in advance due to their financial 

supports. 

 

REFERENCES 

Baei MT (2013). Remove of toxic pyridine from environmental systems by using B12N12 nano-cage. 
Superlattices and Microstructures 58 31-37 

Bengu E and Marks LD (2001). Single-Walled BN nano structures. Physical Review Letters 86 2385. 

Blasé X, Rubio A, Louie SG and Cohen ML (1994). Magnetism in BN nanotube induced by carbon 

substitution. Europhysics Letters 28 335. 
Cabria I, Lopez MJ and JA Alonso (2006). Density Functional calculations of hydrogen adsorption on 

boron nanotubes and boron sheets. Computational Materials Science 35(3) 238-242. 

Chopra NG (1995). Fully collapsed Carbon Nanotube. Science 269 966. 
Dresselhaus MS, Dresselhaus G and Eklund PC (1996). Science of Fullerenes and Carbon Nanotubes, 

(Academic Press: San Diego, CA). 

Erkoc S (2001). Molecular-dynamics simulation of structure and thermal behavior of boron nitride 
nanotube. Journal of Molecular Structure 542 89. 

Fam DWH, Al. Palaniappan A, Tok IY, Liedberg B and Moochhala SM (2011). A review on 

technological aspects influencing commercialization of carbon nanotube sensors. Sensors and Actuators 

B: Chemical 157(I) 38-47. 
Golberg D, Bando Y, Han W, Kurashima K and Sato T (1999). New fullerences in the BCN system: 

synthesis and analysis by an electron beam. Chemical Physics Letters 308 337. 

Henry GD (2004). De novo synthesis of substituted pyridines. Tetrahedron 60 6043-6061. 
Hou S, Shen Z, Zang J, Zao X and Xue Z (2004). Abinitio calculations on the open end of single-

walled BN nanotube. Chemical Physics Letters 393 179. 

Kane CL and Mele EJ (1997). Vibrational effects in the linear conductance of carbon nanotubes. 

Physical Review Letters 78 1932. 
Lataye DH, Mishra IM and Mall ID (2006). Removal of pyridine from aqueous Solution by adsorption 

on bagasse fly ash, Industrial & Engineering Chemistry Research 45 3934-3943. 

Li S (2006). Energy band theory for crystalline solids. Semiconductor Physical Electronics 2
nd

 edition 
(Springer, USA).  

Loiseau A, Willaime F, Demoncy N, Hug G and Pascard (1996). Boron nitride nanotubes with reduced 

numbers of layears synthesized by discharge. Physical Review Letters 76 4737. 



Indian Journal of Fundamental and Applied Life Sciences ISSN: 2231-6345 (Online) 
An Open Access, Online International Journal Available at http://www.cibtech.org/jls.htm 
2014 Vol. 4 (2) April-June, pp.679 -685/Noei et al. 

Research Article 

© Copyright 2014 | Centre for Info Bio Technology (CIBTech)  685 

 

Mohan D, Singh KP, Sinha S and Gosh D (2004). Removal of pyridine from aqueous solution using 

low cost activated carbons derived from agricultural waste materials. Carbon 42 2409-2421. 

Nirmala V and Kolandaivel P (2007). Structure and electronic properties of armchair boron nitride 
nanotube. Journal of Molecular Structure: (Theochem) 817 137. 

Novoselov KS, Geim AK, Morozov SV, Jiang D, Zhang Y, Dubonos SV, Grigorieva IV and Firsov 

AA (2004). Electric field Effect in Atomically thin Carbon. Science 306 666 
Ouyang M, Hang J and Lieber CM (2002). STM studies of single-walled carbon nanotube. Accounts of 

Chemical Research 35 1018. 

Rubio A, Corkill J and Cohen ML (1994). Experimental identification of ptype conduction in 

fluoridized boron nitride nanotube. Physical Review B 49 5081. 
Rubio A, Corkill JL and Cohen ML (1994). Theory of Graphitic Boron Nitride Nanotubes. Physical 

Review B 49 5081. 

Tang CC, Bando Y, Sato T and Kurashima K (2002). Single-source precursor for chemical vapour 
deposition of collapsed boron nitride nanotube. Chemical Communications 12 1290. 

Zhang M, Su Z–M, Yan L-K, Qiu Y-Q, Chen G-H and Wang R-S (2005). Theoretiear interpretation 

of diffrent nanotube morphologies among Group (B,Al,Ga) nitrides. Chemical Physics Letters 408 145. 


