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Abstract 
In the study, the structural and electronic properties of zigzag Graphdiyne nanotube (2, 2) in the pure state and in 
the presence of lithium and nitrogen impurities were studied using the density functional theory method. The 
structure investigation shows that the pure Graphdiyne nanotube is a semiconductor with a direct band gap of 
0.65eV at gamma point. By inserting the lithium and nitrogen impurities, nanotubes exhibit the metallic behavior. 
The optical properties of all nanotubes above-mentioned were examined and computed using SIESTA package and 
based on Kramers–Kronig relations. Optical investigations show that placing the lithium atom in the center of the 
nanotube has little effect on the optical properties, but, by substituting the nitrogen atoms for carbon atoms, the 
optical properties significantly change. 
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Introduction

During the past two decades, organic materials 
have been recognized as promising candidates to 
be used in fabricating new generation of electronic 
and optoelectronic devices. Among these materials, 
carbon-rich molecules have attracted much more 
attentions for using in nanotechnology and the 
related area (1-4). 
Single-layer Graphdiyne, fig 1, is a two-dimensional 
structure composed of sp and sp2 hybrids of carbon 
atoms. The carbon atoms with the sp2 hybrid form a 
hexagonal ring, which are connected together by di-
acetylene sp connections (5-10). 
Graphdiyne nanotubes were first designed in 2003-
2004. Graphdiyne nanotubes are produced by 

rolling the Graphdiyne sheets (plates). 
Similar to carbon nanotubes, the denomination (n, 
m) can be used for Graphdiyne nanotubes. 
According to this denomination, (n, n) and (n, 0) 
represent zigzag and arm chair structures, 
respectively (11-18). 
Graphdiyne nanotubes are expected to be used in 
the next generation of lithium-ion batteries, 
electronic and optoelectronic components (19-24). 
Therefore, the study investigated the optical 
properties of zigzag Graphdiyne nanotube (2, 2) in 
the presence of lithium and nitrogen impurities. 
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Figure 1. Chiral vector of zigzag (n, n) and armchair (n, 0) graphdiyne 
nanotube. The unit cell of the graphdiyne sheet is shown in rhombic 
black dots. The unitcell of graphdiyne nanotube is marked with red 
lines in the left-hand corner of the figure. 
 

Computational Method 
The computations were performed based on the 
density functional theory (DFT) and the exchange-
correlation potential with the generalized gradient 
approximation (GGA) presented by Perdew–Burke–
Ernzerhof (PBE)(25). SIESTA codewas used to 
perform the computations(26). In order to achieve 
proper accuracy in computing and minimizing the 
total energy, a Monkhorst–Pack gridwith points 
(1×1×5) was applied.The optimal cutoff energyof 
200Ry was also used in the computations. A 
vacuum layer that is large enough in non-periodic 
directions was considered to avoid interactions 
between two adjacent nanotubes. Then, by 
applying these parameters, the system was 
completely relaxed to decrease the force applied 
less than 0.01eV/Å to each atom. The energy range 
in which the optical properties are investigated was 
selected from zero to 40eV. In optical 
computations, the spin-orbit interaction is 
neglected because it will not have much impact on 
the results. In all the structures studied, the 
polarized light and its propagation along the x 
direction were considered. 
 
Results and Discussion 
Zigzag nanotubes have a larger diameter than the 
armchair nanotubes, so they appear to be a better 
option for inserting impurities into the nanotube. In 
order to reduce the volume of computations, 
among the zigzag Graphdiyne nanotubes with 
different diameters, thesmallest nanotube, zigzag 
Graphdiyne nanotube (2, 2) was selected to insert 
lithium and nitrogen impurities. 
A lithium atom was placed in the center of the 
nanotube, in order to investigate the impurity 

effect, and its electronic properties were examined. 
First, we placed a lithium atom in the center of the 
nanotube, which was then incorporated into the 
wall of the nanotube after relaxation(Fig 1). In the 
next step, nitrogen impurities were inserted into 
the nanotube so that two nitrogen atoms were 
replaced by carbon atoms in each hexagon. The 
relaxed structure of these nanotubes is shown in 
Fig 1. As shown in Fig2, the nanotube structure did 
not change by inserting the lithium and nitrogen 
and had a symmetric circular cross-section. 
The band structure of the zigzag Graphdiyne 
nanotube (2,2) without impurity and in the 
presence of lithium and nitrogen impurities is 
plotted in Fig 1. In these diagrams, zero energy 
represents the position of the Fermilevel. As clearly 
shown in these Figures, the pure Graphdiyne 
nanotube is a semiconductor with the direct band 
gap of 0.65eV at the point Γ of the first Brillouin 
zone. This result is in agreement with the results of 
other researchers (2). By inserting lithium and 
nitrogen impurities, the band gap becomes zero 
and the doped nanotubes exhibit a metallic 
behavior. 

 
Figure 2. Geometric Structure and Band Structure of the Zigzag 
Graphdiyne Nanotube (2,2), (a) In a Pure State; (b) In the Presence of a 
Lithium Atom in the Center of the Nanotube; (c) Two Nitrogen Atoms 
in Each Hexagon. 
 

Optical Properties of Graphdiyne Nanotubes 
Dielectric Function 
The complex dielectric functiondescribes the 
optical properties of solids. This function is used to 
describe the crystal response to electromagnetic 
fields, which depends on the band structure of 
crystal (6). The curves of real and imaginary partof 
the dielectric function of the zigzag Graphdiyne 
nanotube (2, 2) in the pure state and in the 
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presence of lithium and nitrogen impurities are 
shown in Fig 3. The imaginary part of the dielectric 
function partly represents the actual transfers 
between occupied and unoccupied states. We also 
know that the inter-band transition is due to 
excitation at the absorption edges, and the intra-
band transition is due to volumetric plasmons 
(absorption by free electrons). Therefore, the 
relatively large increase in energy values less 
than5eV in the imaginary part of the dielectric 
function, as well as the almost constant behavior at 
energies above 20eV confirm these absorption 
approaches.By comparing the dielectric function of 
the zigzag Graphdiyne nanotube (2,2) in the pure 
state and in the presence of impurities, we conclude 
that the presence of lithium inside the nanotube 
does not change the dielectric function but the 
replacement of carbon atomswith nitrogen causes 
much variation in the dielectric function. 
 
Optical Conductivity 
Due to the photon absorption, the electrons of 
occupied states are excited to the unoccupied states 
above the Fermi level. This inter-band transition 
(known as the Droud transition) is called the 
optical conductivity, and the absorption of photons 
by electrons is called inter-band absorption. Fig 4 
shows the changes of optical conductivity of the 
zigzag Graphdiyne nanotubes in the pure state and 
in the presence of lithium and nitrogen impurities 
for the polarized light in the direction of x-axis, 
compared to the incident photon energy. As can be 
seen, the diagram of optical conductivity is 
proportional to the imaginary part of the dielectric 
function. Generally, in the energies that present in 
the imaginary part of the peak of dielectric 
function, these peaks are seen in the real part of the 
optical conductivity. In this spectrum, the 
conductivity increases up to 20eV and then 
decreases, and at energies with the highest 
absorption, we have the optical conductivity 
maximum. 

 

 
Figure 3. (a) The Real Part and, (b) the Imaginary Part of the Dielectric 
Function of the Zigzag Graphdiyne Nanotube (2,2) in a Pure State and 
in the Presence of Lithium and Nitrogen Impurities for Polarized Light 
in the Direction of X-Axis. 

 
Figure 4. The Diagram of Optical Conductivity of Zigzag Graphdiyne 
Nanotube (2,2) in a Pure State and in the Presence of Lithium and 
Nitrogen Impurities for Polarized Light in the Direction of X-Axis. 
 

Abosorption coefficient 
(Fig 5) shows the absorption coefficient of these 
nanotubes. This fig shows the permitted optical 
transitions of the electron between the occupied 
states of the valence band and theempty states of 
the conduction band. The transition energy in the 
absorption spectrum corresponds to the band gap 
value in the band structure of graphdiyne 
nanotubes, which means that the electrons are 
excited and transient by receiving at least energy 
greater than the band gap value.The graph shows 
that the presence of lithium atom causes a very 
small decrease in the absorption spectrum of zigzag 
graphdiyne nanotubes (2,2), but the presence of 
nitrogen atoms significantly reduces the absorption 
spectrum. 

 
Figure 5. Absorption coefficient of pure, N- doped and Li-doped of 
zigzag graphdiyne nanotube (2, 2). 
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Static Refractive Index 
The value of the refractive index at zero energy is 
called the static refractive index, which is equal to 
the static dielectric constant. The value of static 
refractive index of zigzag graphdiyne nanotube (2, 
2) in the presence of lithium and nitrogen 
impurities is presented in Table 1. By inserting the 
impurities, the static refractive index increases. The 
graph of refractive and extinction index of 
graphdiyne nanotubes in the presence and absence 
of impurities is plotted in Fig 6 and 7, respectively. 
As can be seen in this graph, the refractive index 
reaches its lowest value at energies between 4 and 
6 eV, so the reflection is increased, which is in 
consistent with Fig 5. It can be seen that the 
introduction of lithium atom does not have a 
significant effect on the refractive and extinction 
index, but the substitution of nitrogen atoms 
results in significant changes in the refractive and 
extinction index. 
Table 1. Static Refractive Index of Zigzag Graphdiyne Nanotube (2, 2) 
in the Presence of Lithium and Nitrogen Impurities 

ZGDYN 
+Nitrogen 

ZGDYN+ 
Lithium 

ZGDYN nanotube 

2.55 1.94 1.62 Refractive 
index 

 
Figure 6. Refraction coefficient of pure, N- doped and Li-doped of (2, 
2) zigzag graphdiyne nanotube. 

 
Figure 7. Extinction coefficient of pure, N- doped and Li-doped of (2,2) 
zigzag graphdiyne nanotube. 
 

Conclusion 
In this study, the structural, electronic and optical 
properties of pure, lithium and nitrogen doped of 

(2, 2) zigzag graphdiyne nanotube were 
investigated in the framework of Density 
Functional Theory (DFT) with Generalized Gradient 
Approximation (GGA), employing siesta code. The 
results show that the pure nano tube exhibited 
semiconducting behavior. By entering the lithium 
and nitrogen dopant, the nanotube shows a metallic 
behavior. Optical properties such as dielectric 
function, optical conductivity and refraction 
coefficient were calculated and investigated. 
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