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Introduction: 

 

In recent years carbon nanotubes have attracted considerable attention because CNs 

have been shown to posses exceptional electrical and mechanical properties. Single 

walled carbon nanotubes (SWNTs) are one dimensional system with different diameters 

and chiralities. Functionalization of single walled carbon nanotubes which means 

modifying the physical and chemical properties of SWNTs by adsorption of foreign 

molecules carries great potential in tailoring new nanostructures for desired applications. 

The combination of biomolecules and SWNTs developed new smart materials. Thus it is 

very interesting to investigate the biomolecule functionalized SWNTs that may be a new 

generation of complex materials. We have also proposed one kind of biomolecule-

functionalized SWNTs, base-functionalized SWNTs , which may be used as bio-

nanomaterials possessing self- assembly property as exhibited in native DNA. The 

properties of such complexes are favorable to be synthesized detailed abinitio studies. 

Electric field gradient (EFG) tensors are very sensitive to the electrostatic environment at 

the site of quadrupole nuclei with spin angular momentum greater than one-half. Because 

of the inhomogeneity of the electrostatic environment in nanotubes, performing 

experimental NQR study on nanotubes is very difficult, but high level quantum 

mechanical calculations can reproduce reliable parameters, therefore performing such 

studies can help to predict NQR parameters. 
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Computational Aspects: 

 

All quantum chemical calculations were performed at the level of the density 

functional theory (DFT) by the GAUSSIAN 98 package. A model of H-capped (5-5) 
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single walled carbon nanotube, with a tube length of 10 Å and diameter of 6.78 Å with 

Two kinds of bases, thymine and cytosine in DNA are use to functionalize SWNTs. All 

systems were firstly optimized at the B3LYP/ 6-31G* level of theory and then the NQR 

calculations were performed at the B3LYP/ 6-311++G** level of theory. Experimentally 

the measurable NQR parameters are the quadrupole coupling constant (CQ) and the 

asymmetry parameter (yQ). CQ refer to the interaction energy of the nuclear electric 

quadrupole moment (eQ) and the EFG tensors at the site of quadrupole nucleus. yQ is 

defind as the EFG tensors deviation from cylindrical distribution at the site of quadrupole 

nucleus. The quantum chemical calculations yield the principal EFG tensor eigenvalues 

qzz , qyy and qxx , that have the following relation : 
 

qzz ≥ yy ≥ qxx . CQ and yQ is obtained by CQ= e2Qqzz / h (1) , 
 
ηQ = 

qyy − qxx 

q 
(2) . 
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Results and Discussion: 

 

FIG-1 is the top and side view of the C-decorated SWNT. We can see local distortion 

occurs near the adsorption site and the carbon atom on the sidewall connecting with the 

base extrude out and its distance to the nearest carbon atoms elongated to 1.52Å which 

are much longer than the typical C-C bond length 1.42 Å in SP2 hybridization of  perfect 

SWNT. The N-C bond lengths between the bases and the SWNT are 1.53 Å and 

1.49 Å for C and T-decorated SWNTs, respectively. They are much longer than 1.36 Å 

length of a single N-C bond. Because of such distortion, the carbon atom on the sidewall 

connecting with the base has transformed from SP2 to SP3-like hybridization that will 

drastically affect the electronic structure of the SWNT. We found similar results for all 

the other base functionalized SWNTs that may be a common feature of these complexes. 

The base planes are a little torsion from the direction perpendicular to tube axis. The angle 

between the thymine plane and the tube axis is about 82.06° and between the cytosine 

and tube axis is about 75.80°.Table 2 exhibits more significant difference of NQR 

parameters for 14N nuclei in two model systems of isolated gas phase and base 

functionalized SWNTs. The results reveal that the geometrical parameters of the 

optimized isolated gas phase and base functionalized SWNTs are different. Therefore 

different 14N EFG tensors were also calculated for the two structures which reveal the 

relationship between the NQR parameters and the structural properties. 



 

 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. 
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Table-1:geometrical 

parameters 

 T-SWNT C-WNT 

C-N 1.52 1.53 

 

C-C 

 

1.49 

 

1.52 

 

<C- 

 

178.6 

 

177.5 

N-C   

 

Table-2: NQR parameters 

nucl T-SWNT C-WNT Thymine cytosine 

CQ yQ CQ yQ CQ yQ CQ yQ 

N1   4.48 0.08   4.80 0.1 

N2 3.68 0.24 3.48 0.69 3.77 0.23 3.48 0.63 

N3 3.23 0.18 3.54 0.17 4.93 0.12 4.47 0.11 

O1 8.01 0.10 7.65 0.35 9.77 0.06 8.61 0.31 

O2 7.41 0.09 
  

8.72 0.04 
  

 


