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Abstract:

Electrical sensitivity of a boron nitride nanotube (BNNT) was examined toward (C3H4)
molecule by using density functional theory (DFT) calculations at the B3LYP/6-31G (d)
level, and it was found that the adsorption energy (Ead) of methylacetylene (C3H4) the
pristine nanotubes is a bout -1.78kcal/mol. But when nanotube have been doped with Si and
Al atomes, the adsorption energy of methylacetylene molecule was increased. Calculation
showed that when the nanotube is doping by Al, the adsorption energy is about -
22.73kcal/mol and also the amount of HOMO/LUMO energy gap (Eg) will reduce
significantly. Boron nitride nanotube is a suitable adsorbent for methylacetylene and can be
use in separation processes methylacetylene. It is seem that nanotube (BNNT) is a suitable
semiconductor after doping, and the doped BNNT in the presence of methylacetylene an
electrical signal is generating directly and therefore can potentially be used for

methylacetylene sensors.
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1. Introduction:

Methylacetylene is a toxic gas that is a lateral product in dustry and has been detected in the atmosphere
[1,2], in the northern auroral region of Jupiter [3], and at the south pole of Saturn [4] and also has been
found to be abundant in several interstellar molecular clouds. Methylacetylene is very dangerous for nature
and human thus methylacetylene detection and separation is very important. Since the discovery of carbon
nanotube (CNT) by lijima [5] the properties and applications of this novel material have been investigated
extensively [6-8]. 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 [9-10] Boron nitride
nanotube (BNNT) has unique properties of a semiconductor behavior. The reason for such behavior is the
total atomic number of B and N [11-13]. An interesting case for studying about these BNNTS is
investigating their composite type [14]. BNNTSs unique properties including tensile strength, stiffness and
deformation are the features of this nanotube [15-17]. Previously adsorption of different molecules toward
nanostructures has been studied [18-21]. In this study, the adsorption of methylacetylene on the pristine case

BNNT while Si and Al atoms are in its structure has been investigated.

2. Computational methods:
2.1. Computation procedures are including the following:

We have optimized the methylacetylene molecule and BNNT at the B3LYP/6-31G (d) level of theory.
BNNT is made up of 30N, 30B atoms were saturated by 10 hydrogen atoms which are in initial and end part
of nanotube. The reason for this act had been done to decrease the boundary effects and totally nanotube is

involving 70 (Fig.1).
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Fig.1: BNNT and DOS diagram for Eg4of nanotube.

Submit the manuscript to www.ijnc.ir

Page 100



International Journal of New Chemistry, 2014, 1 (3), 99-107 M. Noei Et al

The BNNT that has been selected is zigzag (5, 0) type and GAMESS software [22] is used to perform these
calculations. The B3LYP is demonstrated to be a reliable and commonly used functional in the study of
different nanostructures [23-25]. We made methylacetylene molecule from different positions of the site to

be close to the nanotube (Fig.2) and it's adsorption has been calculated by using the Eq.(1).

Ead=EnNanotube + Methylacetylene — [EMethyIaceterne + ENanotube] + dBssE (1)

According to the mentioned equation Ewethyiacetyiene is Mmethylacetylene molecule’s energy, Enanotube
is the nanotube energy and E Nanotbe + Methylacetylene IS the nanotube’s energy with methylacetylene.
In addition, dssse 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 methylacetylene adsorption
on the nanotube and conductivity that which is doping with Si and Al atoms.
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Fig.2: Metylacetylene adsorption (distance unit is angstrom )on the BNNT and DOS diagram for observing
Eg of nanotube. Distance is in A.
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1.3. Results and discussion:

Fig.1 shows the structure of boron nitride nanotube (BNNT), in order to obtain the most stable adsorption
mode of methylacetylene molecule on different positions of BNNT, the most stable configuration is shown
in Fig.2, that boron atom of methylacetylene is 3.96A far from carbon atom of the nanotube. Detailed
information of the structure and electronic properties of the BNNT including the HOMO/LUMO energy gap
(Eg) are shown in Table 1 in which adsorption energy (Ead) for mentioned configuration of methylacetylene
and nanotube is about -178kcal/mol and then we calculated the HOMO/LUMO energy gap (Eg) for pristine
nanotube since the methylacetylene molecule is adsorbed on the nanotubes (Tablel). Diagram which shows
HOMO/LUMO energy gap (Eg) has been calculated, and the diagram which shows Eg has been obtained by
using density of state (DOS) software.

Tablel. Ead(kcal/mol), eV for the others

System E.a Epomo Ervmo E;
BNNT - -6.45 -2.76  3.69
BNNT-C3H4 -1.78 -6.45 275 371
SiN - -6.06 2.7 3.36
SiN-C3H4 -0.42 -6.37 -1.52 4.85
S5iB - -5.75 -2.68  3.07
S51B-C3H4 -11.02 -5.57 -1.43  4.14
AIN - -5.54 -3.00 2.55
AIN-C3H4 -2.37 -5.56 -3.02  2.60
AIB . 642 267 3.75
AlB-C3H4 2273 -6.17 -2.41 3.76

1.3.1. Adsorption of C3H4 on Al doped BNNT:

To examine the sensitivity of the adsorption of BNNT of CsHs as an adsorbent for C3H4 its examining has
been done two times, once B atom doped by Al atom and other time N atom by Al atom has been doped.
Doped calculation of Al on BNNT shows that the value of HOMO/LUMO energy gap (Eq=2.55eV) is less
than the pristine nanotube with Eq=3.69eV (Fig.3), After adsorption of CsH4 on the mentioned nanotube that
has doped by Al the HOMO/LUMO energy gap (Eg=2.60eV) will decrease and therefore a substantial

increase will occur in conductivity and this phenomenon can be explain as Eq. (2), [23]

o o exp(-Eq /2KT) @)
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where o is conductance, T is temperature, k is Boltzmann constant. According to this equation as often as
Eq is smaller it leads the conductivity to be more it can be concluded that when Al doping on BNNT in the
presence of methylacetylene electrical signal is generation directly and therefore can potentially be used for
methylacetylene sensors and the best adsorption energy (Eaq= -22.73kcal/mol) is when Al sitting instead of
B and methylacetylene has been adsorbed (Fig.4). DOS diagram clearly shows that when Al doped on the
BNNT, it will become a semiconductor. Optimization of these types of interactions is desirable for gas
detection because such strong interactions means that the BNNT is a suitable absorbent for methylacetylene
molecule. If Eqq 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.(3)

7 =10 exp(-Ead/kT) (3)

where T is the temperature, K is the Boltzmann's constant, and vo is the attempt frequency.According to this
equation as often as adsorption energy (Ead) is increasing the recovery time becomes longer and calculation
in Tablel.
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Fig.3: Doped nanotube by Aln and DOS diagram for Eg of nanotube
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Figure 4: Methylacetylene adsorption (distance unit is angstrom ) on doped nanotube by Alg and DOS
diagram for observing Eq of nanotube. Distance is in A.

1.3.2. Adsorption of C3H4 on Si doped BNNT:

At this stage doping has 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 (Fig.5), and then
geometrical structures and electronic properties of BNNT are doped and their adsorption behavior are
studied. Computations showed that when N replaced by Si in BNNT the HOMO/LUMO energy gap will
become less (Ead=3.36 kcal/mol) than the pristine nanotube Eg=3.69eV (Fig.6). When Si is sitting of N and
B, and the adsorption energy of methyl acetylene on nanotube (Fig.6) is more (Ead=-11.02kcal/mol) than

when we just use the pristine nanotube (Ead= -1.78kcal/mol).
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Fig.5: Doped nanotube by Sin and DOS diagram for Eg of nanotube
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Figure 6: Methylacetylene adsorption (distance unit is angstrom ) on doped nanotube by Sig and DOS
diagram for observing of Eq nanotube. Distance is in A.
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1.4. Conclusion:

The adsorption of an Methyl acetylene (C3H4) molecules on the surface of BNNT (boron nitride nanotube)
has been studied by using density functional theory (DFT) and then we doped the Al atom in the structure of
the nanotube, the results show it is clearly possible to modify the nanotube as an effective adsorbent of
methyl acetylene molecule in gas sensors which are sensitive about methylacetylene. These results may be
open a new gate to chemically modify the nanotubes in a way to expand the fields of their applications in
industry and technology.

1.5. Acknowledgment:

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

Reference:
[1]Coustenis, B. Bezard, D. Gautier, A. Marten and R. Samuelson, Icarus 89,152 (1991).

[2]Coustenis, B. Bezard and D. Gautier, Icarus80, 54 (1989).
[3]C.R. Wu, T.S.Chien,G.S.Liu, D.L,Judge and J.J. Caldwell,J.Chem.Phys91.272(1989).

[4]R.Hannel, B. Conrath, F.M. Flasar, V.Kunde, W. Maguire, J.Pearl, J. Pirraglia, R. Samuelson, L. Herath,
M. Allison, D.Cruikshank, D. Gautier, P. Gierasch, L. Horn, R. Koppany and C.Ponnamperuma, Science
212, 192(1981).

[5]S.lijima, Science of Fullerenes and carbon nanotubes,Nature354,56(1991).
[6]G.Hummer,Water, protonund ion transport:from nanotubes to proteins ,Mol.Phys.105,201(2007)

[7]B.E. Zhu,Z.Y. Pan,M.Hou,D.Cheng,andY.X.Wang Melting behavior of gold nanowires in
carbon,Mol.Phys.109,527(2011)

[8] F.R. Hung, G. Dudziak, M. Sliwinska-Barthkowiak, and K.E.Gubbins,Freezing/melting behavior within
carbon nanotubes. Mol.Phys.102, 223(2004).

[9]D.W.H. Fam, Al. Palaniappan, A.L.Y. Tok, B.Liedberg, and S.M.Moochhala,Sens. Areview on
technological aspects in fluencingcommercializatior of carbon nanotube sensors. Actuators B: Chem.157, |
(2011)

[10]1.Cabria, M.J.Lopez, and J.A.Alonso, Comp. Mater. Density Functional calculations of hydrogen
adsorption on boron nanotubes and boron sheets. Sci.35,238 (2006).

[11]S.Hou, Z.Shen, J. Zhang, X.Zhao, and Z.Xue, Abinitio calculations on the open end of single-walled
BN nanotube.Chem. Phys.Lett.393:179(2004).

[12]M. Zhang ,Z-M. Su, L-Kyan, Y-QQiu, G-H. Chen, and Wang, R.-S. Theoreticar interpretation of
different nanotube morphologies among Group Il (B,Al,Ga)nitrides. Chem. Phys.Lett.408:145(2005).
[13]S.Erkoc, Molecukar-dynamics simulation of structure and thermal behavior of boron nitride nanotube,
J.Mol.Struct.542:899(2001).

Submit the manuscript to www.ijnc.ir

Page 106



International Journal of New Chemistry, 2014, 1 (3), 99-107 M. Noei Et al

[14]M.S.Dresselhaus, G.Dresselhaus, and P.C Eklund, Science of Fullerenes and carbon nanotubes.
Academic Press: San Diego,CA.(1996)

[15] A.Rubio, J.Corkill, and M.L.Cohen, Experimental identification of p-type conduction in fluoridized
boron nitride nanotube.phys. Rev. B,49,5081(1994).

[16]M. Ouyang, J. Hang,and C.M.Lieber, STM studies of single-walled carbon nanotubes.Acc. Chem. Res,
35,1081(2002).

[17]C.L.Kane, and E.J.Mele,Vibrational effects in the linear conductance of carbon nanotubes. Phys.
Rev.Lett,78,1932(1997).

[18]M.Moghimi,M.T.Baei, nanostructures study of chemisorptions of O2 molecule on Al(100)
surface,Journal of Saudi chemical society, 37,45-53(2012)

[19]A. A. Peyghan, S. Yourdkhani, M.Noei, Working Mechanism of a BC3 Nanotube Carbon Monoxide
Gas Sensor, Commun. Theor. Phys, 60 ,138-145(2013)

[20]J.Beheshtian,M.Noei,H.Soleymanabadi,A.A.Peyghan,Aamonia monitoring by carbon nitride
nanotubes:A density functional study, Thin solid films ,534, 650-654(2013)

[21]M.Noei,A.A.Salari,N.Ahmadaghaei,Z.Bagheri,A.A.Peyghan, DFT study of the dissociative adsorption
of HF on an AIN nanotube,C.R.Chimie, 1 74, 235-244(2013)

[22]M.Schmidt et al,general atomic and molecular electronic structure system,J.Comput.Chem,14(1993)

[23]J. Beheshtian, A.A. Peygan, and Z.Bagheri, Appl. Surf. Electronic Respone of nano-sized cages of Zno
and Mgo to presence of Nitric oxide. Sci259, 631 (2012).

[24]F.J. Owens, Increasing the B/N ratio in boron nitride nanoribbons a possible approach dilute magnetic
semiconductors. Mol.Phys.109, 1527 (2011).

[25]A.A. Fokin and P.R. Schreiner, Band gap tuning in nanodiamonds : first principle computational studies.
Mol.Phys.107, 823 (2009)

Submit the manuscript to www.ijnc.ir

Page 107



