
© 2012. Sh. Valedbagi, A. Fatehalian & S. M. Elahi. This is a research/review paper, distributed under the terms of the Creative 
Commons Attribution-Noncommercial 3.0 Unported License http://creativecommons.org/licenses/by-nc/3.0/), permitting all non 
commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. 
 

Global Journal of Science Frontier Research 
Physics and Space Sciences 
Volume 12  Issue 6  Version 1.0 Year 2012 
Type : Double Blind Peer Reviewed International Research Journal 
Publisher: Global Journals Inc. (USA) 
Online ISSN: 2249-4626 & Print ISSN: 0975-5896 

 

Ab Initio Density
 
Functional Theory Investigation of Structural 

and Electronic Properties of Double-Wall Zinc Oxide 
Nanotubes

            

By Sh. Valedbagi, A. Fatehalian
 
& S. M. Elahi

 

Razi University, Iran
        

Abstract -

 

The electronic properties of double-wall zinc oxide nanotubes (DWZnONTs) are 
investigated via density functional theory. The DWZnONTs are separated into two categories¸ 
where the inner and outer nanotubes are armchair-armchairand zigzag-zigzag single-wall 
nanotubes. The band structure of the DWZnONTs is calculated. Our results show that the inter-
wall coupling diminishes the energy gap in semiconducting nanotube. We found that the energy 
gap of DWZnONTs depends on the structure of the inner and outer walls.
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Ab Initio Density Functional Theory Investigation 
of Structural and Electronic Properties of Double-

Wall Zinc Oxide Nanotubes 
Sh. Valedbagi α, A. Fatehalian σ & S. M. Elahi ρ

Abstract  - The electronic properties of double-wall zinc oxide 
nanotubes (DWZnONTs) are investigated via density functional 
theory. The DWZnONTs are separated into two categories¸ 
where the inner and outer nanotubes are armchair-
armchairand zigzag-zigzag single-wall nanotubes. The band 
structure of the DWZnONTs is calculated. Our results show 
that the inter-wall coupling diminishes the energy gap in 
semiconducting nanotube. We found that the energy gap of 
DWZnONTs depends on the structure of the inner and outer 
walls. 
Keywords : Znic oxide nanotube; Density function 
theory; Density of states. 

I. Introduction 

inc oxide (ZnO) has attracted great interest in the 
last few years, because its nanostructures 
counterparts may offer unique optical, electrical, 

and piezoelectric properties. Bulk ZnO is a direct wide 
band gap semiconductor (3.4 eV)and has a strong 
excitonic binding energy of 60 meV at room 
temperature,which makes it a promising material for 
high-efficiency blue and ultraviolet optical devices. 
Recently, 1D ZnO nanostructures have attracted much 
attention due to their unique physical properties as well 
as their applications in optoelectronic nanodevices and 
functional materials. For example, nanolasers, 
transistors, field emission display and UV detectors, 
fabricated by 1D ZnO nanostructures have been 
reported by many researchers [1- 5]. Among 1D ZnO 
nanostructures, ZnO nanotubes with hollow structures 
are expected to have excellent properties. Up to now, 
some methods to synthesize ZnO nanotubes have been 
reported. Li et al. synthesized ZnO nanotubes on Au-
coated silicon substrate by physical evaporation of the 
mixture of ZnO and graphite powders [6]. Wang et al. 
synthesized ZnO core shell nanobelts via a solid vapor 
decomposition process and obtained ZnO nanotubes 
by sublimation  on  the Zn  core  [7].  Hu  Xu  et  al  have 
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investigated the structural and electronic properties of 
(5, 5) armchair and (9, 0) zigzag single-walled ZnONTs 
by using the density functional theory [8]. They found 
that both armchair and zigzag ZnONTs are 
semiconductors with direct band gaps. 

In this paper, our aim is to investigate the 
influence of the inner-wall between two single wall zinc 
oxide nanotubes (SWZnONTs) on the density of states 
of the resulting DWZnONTs, as well as on the individual 
SWZnONTs within the DWZnONTs. These 
computationsare performed via first-principles full 
potential linearized augmented plane-wave density 
functional theory, as implemented in the WIEN2k code 
[9]. Ourcalculations are done in the range of 100-200 k-
points.We found that due to the overlap of the 
semiconducting gaps of inner and outer walls, 
DWZnONTs have the semiconductor behavior. 

II. Computational Details and 
Results 

The electronic structure calculations are 
performed via first principles full potential linearized 
augmented plane-wave density functional theory as 
implemented in the WIEN2K code [9]. For the exchange 
and correlation terms, the generalized gradient 
approximation (GGA) is used [10]. The total number of 
k-points in the whole Brillouin Zone (BZ) is taken to be 
equal to 200. Calculations are performed in the 
supercell approximation within a cubic unit cell. Figure 1 
shows the structures of SWZnONT , DWZnONT and the 
unit cell relaxed structure of DWZnONNT. Two possible 
cases are investigated. In the first case, both the inner 
and outer nanotubes of the DWZnONT are initially 
armchair SWZnONTs. Figure 2 shows the density of 
states of a (8, 8) and (12, 12) SWZnONT. The results 
show that both the inner and outer SWZnONTs are 
semiconductor. Figures (4) and (5) show respectively 
the density of states and the band structure of (8, 8) @ 
(12, 12). Also, these Figures show the density of states 
of SWZnONTs , when they are parts of the DWZnONT. 
The results show that both the inner and outer 
SWZnONTs remain semiconductor and the DWCNT is 
also semiconductor. In the second case, the inner and 
outer SWZnONTs are zigzag. Figures 3 show 
respectively the density of states of (5, 0) and (12, 0) 
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SWZnONT.The resultshow that both the inner and outer 
WZnONTs are semiconductor. Figures (6) and (7) show 
the density of states and the band structure for these 
DWZnONTs.The results show that both the inner and 
outer SWZnONTs remain semiconductor and the 
DWZnONT is also semiconductor. The Fermi energy (8, 
8) @ (12, 12) and (5, 0) @ (12,0) DWZnONTs are equal 
to -0.197 (Ry) and -0.277 (Ry) respectively. The behavior 
of the (8, 8)@ (12,12) and (5,0)@(12,0) DWZnONTs is 
explained in terms of two factors which influence its 
electronic conduction properties. First, there is the 
overlap of the semiconducting gaps of individual 
SWZnONTs.Second, the interaction between the walls of 
the inner and outer SWZnONTs. 

III. Conclusion 

We have investigated the electronic conduction 
properties of DWZnONTs via density functional theory 
as implemented in the code WIEN2k. All possible 
combinations of SWZnONTs making up a DWZnONT 
are considered. For DWZnONTs where both SWZnONTs 
are armchair or zigzag semiconductors, we found that 
due to overlap of the semiconducting gaps of inner and 
outer walls, DWZnONTs have the semiconductor 
behavior. Our results can open interesting avenues in 
research concerned with the use of zinc oxide 
nanotubes in the emerging field of nano-electronics.    
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Figure 1 :

  

The structure and unit cell of DWZnONT.
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Figure 2

 

:

  

The density of states of (8, 8) and (12, 12)SWZnONTs.
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Figure 3

 

:

  

The density of states of (5, 0) and (12, 0)

 

SWZnONTs.
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Figure 4
 
:
  
The density of states of (8, 8) @ (12, 12).

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5 :  The band structures of (8, 8) @ (12, 12)DWZnONTs. 
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Figure 6

 

:

 

The density of states of (5, 0) @ (12,0) DWZnONTs.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 7

 
:

 
The band structures of (5, 0)

 
@
 

(12,0) DWZnONTs.
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