Available online at www.pelagiaresearchlibrary.com

Pelagia Research Library

Der Chemica Sinica, 2012, 3(1):124-128

Library
ISSN: 0976-8505
CODEN (USA) CSHIA5

Influence of hydrogen doping on the”N and 'O NMR parameters
in zigzag and armchair single wall nanotube: A DFTstudy

S.A. Babanegad, F. Ashrafi®, A.S. Ghasent, E. Ashrafi®

'Dept of Phys., Payame Noor University, Tehran, Iran
Dept of Chem., Payame Noor University, Tehran, Iran
3|slamic Azad University, Sci. and Research, Tehran, Iran

ABSTRACT

Density functional theory (DFT) calculations were performed to calculate nitrogen-14 and oxygen-17 Nuclear
magnetic resonance (NMR) spectroscopy parameters in the representative considered models of zigzag and
armchair single wall nanotubes (SWNTs) for the first time. The considered models consisting of 7.1 and 4.8nm
length of H-capped (5,0) and (4,4) single-walled nanotube respectively, At first, the structural models were
optimized and then the chemical-shielding (CS) tensors were computed in the optimized structures. Finally, the CS
tensors were converted to isotropic chemical-shielding (ICS) and anisotropic chemical-shielding (ACS) parameters.
The calculations were performed based on the B3LYP DFT method and 6-311G* standard basis set using the
Gaussian 98 package of program.
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INTRODUCTION

Interaction of oxygen with carbon nanotubes (CNdls)ays has been an interesting and fascinatingesufor the
scientific community for both fundamental and pieailt reasons, as well as for the possible apptioatiin
nanodevice technologies and in chemical sende8.[The electrical transport properties of entan@¥dCNT mat
samples have been found to be very sensitive tosexp to oxygen or ambient ail]] Collins et al. 2] found that
oxygen gas has dramatic effects on conductivitgrrtoelectric power, and the local density of stafesanotubes.
Theoretical studies have shown that N2 adsorpiiofase area of arrays of single-walled nanotub&¥N$s) could
be as high as 3000°g" [4]. Nevertheless, it is known that the adsorptimface area and porosity results
SWNTs are usually specific to a particular studg are generally not reproducible by other reseasche

However, precise quantification of N2 adsorptiongarties of carbon nanotubes, which should be vatid wide

range of experimental conditions, is essentialritdenstand how best to apply carbon nanotubes temative fuel

storage [5] or development of nano scale sensarsidtecting air pollutants [6] or removal of hazaud air

pollutants and other contaminants from gas streph® or any other adsorption related applicatibluclear

magnetic resonance (NMR) spectroscopy is amongnib&t versatile techniques to study the electrotriacture

properties of matters [9 —14]. The chemicaglsling (CS) tensors originating at the sites of-spin nuclei,

magnetic nuclei, reveal important trends aboutefleetronic properties at the sites of these nu@leé CS tensors
are either measured experimentally or reliablyedpced by high-level quantum chemical calculatidds15].
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MATERIALS AND METHODS

2.1. Software
GAUSSIAN 98 package program

2.2. Computational details

Our representative H-doped model of armchair agdazi CNTs in the present study (Fig.1, 2 and 388 nm
and 7.1 nm length for (4,4) (fig 1) and for (5,0 (2), respectively; single-walled CNT consistiof40 C atom .
The calculations are performed by hybrid functioBaLYP and DFT based method and 6-311G* standasit Iset
by GAUSSIAN 98 package program [16]. The calcula@&ltensors in principal axes system (PAS) are exes
to measurable NMR parameters, chemical shieldiagdpic and chemical shielding anisotropic usingTGNA,
A1, Ay Az and A) are showrin Tables 2 and 3, respectively [17]. London [18ilially suggested local gauge
origins to define the vector potential of the em#rmagnetic field in the study of molecular diametism. The idea
was then adapted by Ditch field [19] the gauge independent atomic orbitals (GIAO) hodtfor magnetic
shielding calculations. We have performed experisy@m single-wall carbon nano tube SWCNT networid a
compared with DFT calculations to identify the mwropic origin of the observed sensitivity of thetwork
conductivity to physisorbed £and N. First DFT calculations of the transmission fuantifor isolated previous
SWCNTs have found that the physisorbed molecule® lzalittle influence on their conductivity. Howeyédy
calculating we show that, physisorbed &nd N affect the junction's conductance. This may beewstdod as an
increase in tunneling probability due to hopping molecular orbitals. We find the effect is subtdly larger for
O, than for N SWCNTSs junctions, in agreement with experimen{.[20

RESULTS AND ISCUSSION

3.1.2%C NMR chemical shielding (4,4)

Table 2 shows the calculaté¥C chemical shielding tensors for CNTs &d N molecules adsorption on the CNT
has a remarkable influence 5 NMR tensors, which is in complete accordance withfacts mentioned above. It
is also explain that, chemical shielding componeotsverge in a way similar to that of the chemutaifts which
increasing the tube length however, not as monate@s the isotropy shielding. On the other harel ctiiculated
3¢ chemical shielding values in the middle of the@{£NT seem approach the values 53.8 and 57.3ppm.

Figure 1: (4,4) SWCNT Figure 2: (5,0) SWCNT

Tablel: Calculated**C NMR parameters for CNT, N.~CNT, O,—~CNT systems

Model atoms 11 g22 o33 O iso Ao 7,
C: -35.3100 13.8404 175.9600 | 51.4968 | 186.69481| 0.3949
CNT(A) C -35.9811 13.5591 176.0667 | 51.2149| 87.2777 | 0.3968
Cs 0.0252 0.0252 163.8800 | 53.8495| 165.0308 | 0.0000
CNT(4,4)- C -80.4572 10.7847 102.7393 | 11.0223| 137.57551| 0.9948
O,(Ay) G -80.8301 10.9026 102.4569 | 10.8431| 37.4207 | 1.0013
CNT(4,4)- C 40.2230 40.2230 141.8900 | 96.4600| 68.1450 | 0.0000
0,(Ay) G 64.9425 91.1836 133.1339 | 96.4200| 55.0709 | 0.7147
CNT(4,4)- C -88.7059 38.8741 95.3872 15.1851| 120.3032 | 1.5907
No(As) G -88.7419 38.8274 95.3910 | 15.1588 | 120.3483 | 1.5900
CNT(4,4)- C 62.8717 62.8717 120.5500 | 97.2764| 34.9100 | 0.0000
No(As) G 64.1611 64.1611 125.8100 | 99.3120| 39.7400 | 0.0000
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Figure 3. (A,) and (A,) adsorption configurations of an Oxygen.
(As) and (A,) adsorption configurations of a Nitrogen molecle.

According to GIAO calculations performed after agiéimn of oxygen and nitrogen molecules, the igpyrealue of
the °C NMR shielding tensor decreased inakd A (fig 3) sites (about 11.0223 ppm, and10.8431 pp@,and
C, of site A, and 15.1851 ppm, 15.1588 ppm ata®d G of site A) and increased inAand A, (fig 3) sites (about
96.4565 ppm, 96.4200ppm at @nd G of site A and 99.3120 ppm and 97.2764 ppm ata@d G of site A)
(Table2). The associated anisotropy value decrdasé®th carbons.

However, the effect is more significant for &d G nuclei. Results reveal that electronic chargeibistion around
the carbon atoms becomes more symmetric as a mésmkygen adsorption. The anisotropy value of i NMR
shielding tensor increased approximately about3Z&Bppm and 137.4207ppm, at C1 anasite A,.

In this case, anisotropy values for both carborgedese by adsorption, while the reduction is merdemt for C1
and C2. Due to ©adsorption, the calculatedC NMR parameters of those interacted carbon atorasatso
modified. As deduced from comparison of sitgsafd A, the carbon atoms contributed in O2 adsorptionpire
more shielded. Among the two NMR principal compdesemtermediate shielding componeut,22, shows more
change from nano-tube than@NT system, which is in contrast with,®8NT. The results are consistent with
strong interaction between nano-tube and®lecule. The discrepancy betweé@ chemical shielding tensor for
the site A and A systems and Aand A, systems must be attributed to the different nadfitee frontier orbital.
Components of CS tensor are defined by followinatien [20].

1] aBiaﬂj HiB

WhereE is energy of system anﬂlj and B, are components of magnetic moment and externahetiggfield,

respectively. CS tensor in the principal axes sys(@AS)( 05, >~ 0,, > 0,,) is diagonal and thus, principal
values for specification of shielding are definby this coordinate system as following:

_(0+t0p+03)

Oiso 3

3
40:;(033_050)

_3,05-0y
No 2( - )
Whereg, , Ao and 1, are isotropic, anisotropic and asymmetric part€®ftensor, respectively and in certain

cases vanishes.

3.2.°C NMR chemical shielding (5, 0)

Tables2 exhibit the calculatédC chemical shielding for CNTs.,@nd N adsorption on the CNT has a remarkable
influence on™C NMR tensors which is in complete accordance withfacts mentioned above. Previously, it has
been indicated that for the H-capped CNTSs, theutailed">C chemical shielding value sat the ends are st
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in the tube’s center if the carbon is directly bdun hydrogen; otherwise it is larger [21]. It is@depicted that
chemical shielding components converge in a waylaino that of the chemical shifts when increasthg tube
length albeit not as smoothly as the isotropicldiig.

On the other hand, the calculaté@ chemical shielding values in the middle of Th@Y8NT seem to approach
values 149.1757and149.1663 ppm (Table2). It maydbed that>C chemical shielding tensef; shows the carbon
sites depends remarkably on the tube size andenatdrontier orbital's [19, 21, 22].

Table2: Calculated**C NMR parameters for CNT, N.~CNT, O,—CNT system®

Model atoms g1l ag22 033 iso T NOo n,
CNT(A) C: 27.4749- | 155.3869 | 319.6152 149.1757 | 255.6593 | 1.0729
G -27.4737 | 155.3875 | 319.5851 149.1663 | 255.6282 | 1.0730
C; -166.2046 | -4.1528 153.1572 -5.7334 238.3359 | 1.0199
CNT(5,0-G(A) | C; 74.4312 77.7044 155.3112 102.4823 | 79.2434 0.0620
G 74.6323 77.7154 155.0228 102.4568 | 79.2720 0.0637
CNT(5,0-Q(Ay) | C, 42.8507 97.3469 149.1738 96.4571 79.0751 1.0338
G 47.6078 104.8761 | 127.8227 93.4355 51.5808 1.6654
CNT(5,0)-N(A3) | C; 76.1071 96.5323 143.1071 105.2245 | 56.8239 0.5411
G 76.0659 96.4950 143.0751 105.2120 | 56.7946 0.5396
CNT(5,0)-Ny(A,) gz 48.7700 48.7700 127.2600 74.9305 78.4943 0.0000
C, 34.5201 76.2487 118.0313 76.2667 62.6469 0.9991

@ Calculated T'ii, Tiso, A O valuesin ppm

Figure 4. (A,) and (A;) adsorption configurations of an N molecule (sitesA and A, respectively),
(As3) and (A4) adsorption configurations of an Q molecule (sites Aand Ay respectively)

DFT study of**C chemical shielding tensors on small-to-mediumameter infinite SWCNTS reveals that chemical
shielding decreases roughly inversely proportidoahe tubes diameter [22]. The NMR chemical slingjcbf finite
SWCNTs were found to converge very slowly, to thdimite limit, indicating that hydrogen capped ¢ufsagments
are not necessarily good models of infinite systeRts the hydrogen capped (9,0) tube case, alhefftontier
orbital's have carbon p-s character, they are ilmedlat each end of the tufg As the length of the fragment
increases, these orbitals do not yield a contriloutd the electron density along the tube (excefiteaends) and must
therefore be regarded as artifacts due to tredfiedinite sized systems. According to GIAO caltiolas performed
after adsorption of ©*3C NMR parameters of those interacted carbon atomslso modified. As understood by
comparison of sites AA,, Az and A, the carbon atoms included i @dsorption become more shielded (fig 4).
Among the two NMR principal components, intermeglislielding componenty ,,, shows more change from nano-
tube to the @-CNT system.

The results are consistent with strong interadtietween the tube and, @olecule. The discrepancy between ti@
chemical shielding tensor for the site CNT, A,, Az and A (fig 4) systems must be attributed to the diffensgture
of the frontier orbitals.
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CONCLUSION

In this work, geometries, binding energies d%@ NMR chemical shielding tensors of H-capped (4l (5,0)
SWCNT interacted with molecule,Gnd N species, have studied. The calculat¥ chemical shielding tensors
have been shown in Tablesland 2. In the followiagtisns, molecular geometries and NMR chemicalldimig
tensors, the data obtained frorp @&dN molecules adsorptions were discussed, separately.

According to DFT calculations, adsorption of, @&d N Molecules extremely influenced geometrical andtedaic
structure properties of (4,4) and(5,0) SWCNT. Ifdand that**C chemical shielding is appropriate parameters to
investigate the nature of interactions in (4,4)(&@) SWCNT. Thé>C chemical shielding isotropy and anisotropy
values vary remarkably from CNT to the CNT-@nd CNT-N, systems, for adsorption sites.
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