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Adsorption 17O, 15N and CO molecules on the
surface of SWCNT: A Computational NMR study
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Abstract: The results of adsorption of several gaseous molecules as nitrogen, oxygen and carbon
monoxide, on external surface of H-capped zigzag (5, 0) semiconducting single-walled carbon nanotube
(SWCNT) was studied, using density functional theory (DFT) calculations. Geometric optimizations were
carried out at B3LYP/6-311G*level of theory using Gaussian 98 program. Structural models are optimized
and adsorption energies are obtained to investigate the nuclear magnetic resonance (NMR) parameters for
(N2–SWCNT), (O2–SWCNT) and(CO-SWCNT) model of zigzag (5, 0) SWCNT. The chemical-shielding
(σii) tensors were converted to isotropic chemical-shielding (σισο) and anisotropic chemical-shielding (Δσ)
and asymmetrical (μi) parameters of 13C, 15N and 17O nucleus for the optimized structures. NMR
calculations were evinced that 13C chemical shielding zigzag (5,0) external surface is more sensitive to
nitrogen, oxygen and carbon monoxide molecules adsorption compared to zigzag (5,0) nanotube. However,
NMR parameters vary with the tube diameter.
Keywords: single-walled carbon nanotube, DFT, NMR, chemical-shielding.

Introduction

Discovered carbon nanotubes, by Iijima
in 1991, are members of the fullerene family 1-4.
The study of the gas adsorption on SWCNT is
nowadays the centre of interesting theoretical
studies. Considering that the gases adsorption on
SWCNT modifies sensibly of their electronic
properties have proposed the use of SWCNT as
gas sensors 5-10. The adsorption behavior of gas
molecules external surface of SWCNT has been
studied extensively in the past decade by
theoretical calculation 11-13. Reported the
calculation results of to 13C, 15N and 17O
molecules attached external surface of SWCNT
by density functional theory (DFT) based on
B3LYP/6-311G*level and GIAO method and
found that the interaction between nitrogen,
oxygen and carbon monoxide molecules and
SWCNT caused vigorous changes in the

electrical resistivity of SWCNTs and thus could
be used to detect gas molecules Because the
derived well defined one dimensional structure of
SWCNT has distinctive properties in mechanical,
chemical and electronic aspects. Nuclear
magnetic resonance (NMR) spectroscopy is
among the most versatile techniques to study the
electronic structure properties of matters 14-16.The
chemical-shielding (σii) tensors originating at the
sites of half-spin nuclei, magnetic nuclei, reveal
important trends about the electronic properties at
the sites of these nuclei. The (σii) tensors are
either measured experimentally or reliably
reproduced by high-level quantum chemical
calculations17.

Chemical shielding (σii) tensors originating
the sites of these nuclei are measured trusty,
produced by high-level quantum chemical
calculations. Band structure calculations, using
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different quantum mechanical and semi-empirical
methods have predicted electronic transport
properties of SWCNT18. Interactions between
nitrogen, oxygen and carbon monoxide molecules
and SWCNT have been signified in modifying
the intrinsic SWCNT electronic band gap. The tip
gate changes the potential of localized defect
states, so that the defect energy levels move in
and out of resonance with the nanotube Fermi
level 19-21. There is a considerable anisotropy in
structure of graphite. Such anisotropy in
properties, particularly in electrical properties,
can be wholly advantageous 22-24. In connection
with the size of the nanotube, it is useful
mentioning at this stage that as will be seen from
the studies verified in later sections, many
computational studies involving standard
nanotube have focused on the use of zigzag(5,0)
nanotube, having a length and diameter of 7.09Å
and 4.17 Å, respectively.

Computational Method

In the present study, we investigate the
effects of nitrogen, oxygen and carbon monoxide
molecules adsorption on surface SWCNT of
zigzag (5, 0). In order to investigate the electronic
structure at the semiconductor SWCNT contacts
of nitrogen, oxygen and carbon monoxide
molecules, the computations were fully executed
by Gaussian 98 Software package. Geometric
optimizations were performed using 6-311G*
basis set with DFT/B3LYP functional 25.

NMR 13C, 15N and 17O chemical shielding
calculations were computed at B3LYP/6-311G*
level of theory using gauge including atomic
orbitals (GIAO) approach. The modeled zigzag
(5, 0) consisted of 50 C atom with length of 7.09
Å was chosen for the purpose. In absence of
periodic boundary conditions in molecular
calculations, it is necessary to saturate the carbon
dangling bonds with hydrogen atoms. Curvature
of small tubes is a crucial characteristic
responsible for intense interaction of atoms in
tubes. Quantum chemical calculated tensors at
the principal axes system (PAS) (σ11≤ σ22≤ σ33) is
converted to a diagonal matrix with σ11, σ22 and
σ33 components , measurable NMR parameters,
chemical shielding isotropic (σiso) and chemical
shielding anisotropic (Δσ) and asymmetrical (μj)
using, respectively26-29 . This shows a second
order change in molecular energy, as was
indicated in following equation.
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The summation is taken over the N nucleus
in the system. We are not interested in the
magnetic susceptibility, thus we have following
equation 30-32:
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Where μj and i is the components of magnetic

moment and external magnetic field, respectively.
The principal components for specification

of shielding are defined by this coordinate system
as following equations.
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Where σiso, Δσ and μj are isotropic, anisotropic
and asymmetric parts of tensor, respectively and
in certain cases vanishe 33-35.

Results and Discussion

In present work, model of zigzag (5, 0)
SWCNT with specified tube lengths are studied
using quantum chemical calculations (fig1- 4).
Chemical shielding model of zigzag (5, 0)
SWCNT interacted with oxygen, nitrogen and
carbon monoxide molecules were obtained. The
calculated geometric parameters 13C, 15N and 17O
nucleus chemical shielding are presented in
Table. In the following sections, molecular
geometries and NMR chemical shielding,
adsorptions are discussed, separately.

The adsorption 17O, 15N and CO NMR
parameter modeled of zigzag (5, 0) on external
surface

Table exhibits the calculated 13C chemical
shielding tensors for SWCNT. Nitrogen, oxygen
and carbon monoxide molecules adsorption on
external surface of SWCNT has a significant
influence on 13C NMR tensors, which is in
complete accordance with the facts mentioned
above previously 37-39. Consequently, it has been
17O, 15N and CO indicated that for the H-capped
SWCNT, the calculated 13C chemical shielding
values adsorption are different on the surface, if
the carbon is directly bound to hydrogen, unless,
it is larger 40-43. To assess the dependence of
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NMR results on carbon atom position, 13C
chemical shielding isotropy values of zigzag (5,
0) SWCNT have calculated on surface 15N and
17O of 13C adsorption (Fig1- 4). Two different
parts of surface tube axis are considered.
Interesting surface are evidenced: for zigzag (5,
0) SWCNT, the isotropy adsorption SWCNT (5,
0) - CO (A1) shielding tensor are larger compared
to the adsorption 15N and 17O at the surface. It is
also show that the chemical shielding
components converge in a way similar to that of
the chemical shifts when increasing the tube
length even though not as smoothly as the
isotropic shielding. Chemical shielding tensors
and chemical shifts are efficient parameters for
characterization of single walled carbon nano
tubes. Calculation of these shielding tensors for
oxygen and nitrogen carbon monoxide nucleus
reveals that increasing length and diameter of
zigzag (5, 0) SWCNT chemical shielding will
cause oxygen, nitrogen and carbon monoxide
nucleus converge on the single walled nano tube
surface the results are consistent with strong
interaction adsorption between the tube and
carbon monoxide molecules in SWCNT (5,0) -
CO(A1) . This is consistent with previous results
derived from band structure; calculations 44. On
the other hand, the calculated 17O, 15N and CO
chemical shielding values in the middle of the
surface zigzag (5, 0) SWCNT seem close to the
values -93.43-102.48 ppm, 76.26-105.22. ppm
and 67.55-115.96 ppm, respectively (Table).
More recently, it is indicated that introduction of
CO atoms is theoretically predicted to give rise to
chiral current flow along the nanotube due to
symmetry breaking. The results deduced from
comparison of sites (A1 and A2), show that the
carbon atoms included in oxygen and nitrogen
and carbon monoxide molecular adsorption
become more shielded. Among the six NMR
principal components, intermediate shielding

component, σ22, shows more change from
SWCNT compared with surface the for N2–
SWCNT, O2–SWCNT and CO-SWCNT systems.
The interest of oxygen, nitrogen and carbon
monoxide SWCNT in terms of application is the
control of the type of charge carriers within the
SWCNT. O2-SWCNT, N2-SWCNT and CO-
SWCNT should show significant advantages over
SWCNT for gas sensor applications, due to their
reactive tube surfaces and the sensitivity of their
transport characteristics in relation with the
presence, distribution and chemistry of carbon
monoxide. Peng et al (2003) first suggested O2-
SWCNT, N2-SWCNT and CO-SWCNT for use
in gas sensors, due to the ability of doped
molecular oxygen, nitrogen and carbon
monoxide to bind to incoming gas species. The
molecular oxygen, nitrogen and carbon monoxide
in the SWCNT can be seen as regular defects
which change the adsorption behavior of the
SWCNT.

Fig. 1. Carbon nanotube zigzag (5,0) model.

Fig. 2. CO molecule Adsorption on external surface of SWCNT of zigzag (5,0).
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Table: Calculated of chemical shielding and chemical shift tensors adsorption on the surface 15N,
17O and 13C parameters for CNT(5,0), CNT(5,0) –N2, CNT(5,0) – O2 and CNT(5,0) – CO system

a.

  isoσii (σ11, σ22, σ33)
batomsModel

1.0729
1.0730
1.0199

255.6593
255.6282
238.3359

149.1757
149.1663
-5.7334

(27.4749;155.3869;319.6152)
(-27.4737;155.3875; 319.5851)
(-166.2046; -4.1528; 153.1572)

C1

C2

C3

CNT(5,0) (A)

0.0620
0.0637

79.2434
79.2720

102.4823
102.4568

(74.4312; 77.7044; 155.3112)
(74.6323; 77.7154; 155.0228)

C1

C2

CNT(5,0)-O2(A1)

1.0338
1.6654

79.0751
51.5808

96.4571
93.4355

(42.8507; 97.3469; 149.1738)
(47.6078; 104.8761; 127.8227)

C1

C2

CNT(5,0)-O2(A2)

0.5411
0.5396

56.8239
56.7946

105.2245
105.2120

(76.1071; 96.5323; 143.1071)
(76.0659; 96.4950; 143.0751)

C1

C2

CNT(5,0)-N2(A1)

0.0000
0.9991

78.4943
62.6469

74.9305
76.2667

(48.7700; 48.7700; 127.2600)
(34.5201; 76.2487; 118.0313)

C1

C2

CNT(5,0)-N2(A2)

1.8791
0.5253

48.2382
90.5319

115.9631
86.6583

(69.6682; 130.0992; 148.1219)
(40.6302; 72.3319; 147.0129)

C1

C2

CNT(5,0)- CO (A1)

0.3955
1.9503

91.1172
56.5898

67.5571
87.0766

(25.1718; 49.1976; 128.3019)
(31.4237; 105.0031; 124.8031)

C1

C2

CNT(5,0)- CO (A2)

a Calculated σii, σiso, Δσ values in ppm
b In each raw, the first number is for σ11, the second number is for σ22, and the third number is for

σ33

Conclusion

We have presented a systematic
computational study on molecular oxygen,
nitrogen and carbon monoxide interactions of
SWCNT structure. Conformation and a quantum-

chemical calculation by the GIAO calculations at
the B3LYP/6-311G* level using DFT optimized
geometries provided isotropic shielding tensors
that correlated well with the observed chemical

Fig. 3. N2 molecule Adsorption on external
surface of SWCNT of zigzag (5, 0).

Fig. 4. O2 molecule Adsorption on external
surface of SWCNTof zigzag (5, 0).
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shift data. . The calculated NMR tensors at the
sites of 13C, 17O and 15N nucleus tensors in zigzag
SWCNT (5, 0) model, put on evidence that
isotropy of adsorption CO nucleus shielding
tensor are larger at the surface compared to
adsorption 17O and 15N nucleus. Calculation of
chemical shielding tensors and chemical shifts for
oxygen, nitrogen and carbon monoxide nucleus
reveals that increasing length and diameter of
SWCNT (5, 0) chemical shielding will cause
oxygen, nitrogen and carbon monoxide nucleus
on the single walled nanotube surface. The results
are consistent with strong interaction adsorption

between the tube and CO molecules in SWCNT
(5, 0) - CO(A1). The results also show that the
chemical shielding tensors and chemical shifts
are efficient parameters for characterization of
single walled carbon nanotube. While the NMR
tensors at the sites of various nuclei are not
similarly influenced by these interactions. Among
other nucleuses of SWCNT, molecular nitrogen,
oxygen and carbon monoxide molecules are those
nucleuses which their NMR tensors are
considerably influenced by SWCNT interactions.
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