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Abstract
In this work, the structural and optoelectronic properties of C66H54Br6N6O12 nanotubes, which is in the
triclinic phase, have been studied by the Perdew- Burke- Ernzrhof Generalized Gradient Approximation
(PBE- GGA). The semi metallic behaviors and the �at bands are observed in the band structure with 2.06
eV band gap. From the optical spectra, this nanotube is birefringence with Plasmon energies of 23.41,
23.36 and 23.55 eV at x, y and z direction, respectively. Cauchy coe�cients have been obtained in the
wavelength range of 550 to 850 nm. The results show that this nanotube cab be used in the
optoelectronic devices like metallic carbon nanotube and glasses.

1. Introduction
Nanotubes are a group of nanomaterials composed of graphene rolls that were �rst observed in 1991 by
Iijima [1]. This particular type of material is generally divided into two categories, single walled nanotube
(SWNT) and multi walled nanotube (MWNT), each with its own characteristics [2–4].

Nanotube-based nanostructures have features such as high hardness, electrical conductivity, and thermal
conductivity [5]. One of the ways to obtain a Supramolecular nanotube from the halo-hydrocarbon
assembly is to rotate one unit at a speci�c angle and to position it in a column [6, 7]. This is how the
C66H54Br6N6O12 compound is made. Because of clean energy is becoming a necessity in today's world,
thermoelectric materials such as nanotubes with high-emission merit ZT can be used to convert heat into
electrical energy [8, 9]. This class of materials has structural, optical and thermoelectrical properties such
as drug delivery, optical memory, solar cells, gas storage and… [10–14]. Yuan Sun et al, study about
assembly of Camptothecin (natural quinoline alkaloid with potent anti-tumor activity that functions
through the inhibition of DNA topoisomerase) by nanotubes produced human serum that shown high
potential against several human cancer cell types [15]. Lukang Ji et al demonstrate a cooperative energy
and chirality transfer by constructing a supramolecular light-harvesting chiral nanotube in the aqueous
phase. They assembled two achiral acceptors that have different energy bands with the nanotube that
led to transfer its chirality to both of the acceptors [16–19].

In this work, the electronical and optical properties of C66H54Br6N6O12 nanotube including band structure,
density of states, dielectric function, refractive index, extinction coe�cient and eloss have been studied
by Wien2k package [15]. One method for optimization of the optoelectronic properties of compounds is
�gure out them with energy and wavelength on lattice structure. One of the main aims of this work is
investigation of optoelectronic properties by energy.

2. Method Of Calculations
Calculations of this work were executed by full potential linearized augmented plane wave (FP-LAPW)
method in the framework of density functional theory for the structural, electronic and thermoelectric
properties of C66H54Br6N6O12 compound with Wien2k package [20]. Exchange-correlation potential is a
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challenge to solve the Schrödinger equation. We used the generalized gradient approximation (GGA) to
resolve this ambiguity to have an accurate band gap [21, 22]. The cut-off energy for separation of the
valence and core states, has chosen − 6 Ry. For calculation of electronic properties, 400 k-points is used
in the �rst Brillouin zone and RMT× Kmax = 7 where RMT is the smallest mu�n-tin radius and Kmax is the
cut-off for the plane wave. The mu�n-tin radii for C, H, Br, N and O were 1.02, 0.06, 1.60, 1.31 and 1.13
a.u., respectively. Crystal structure of C66H54Br6N6O12 were shown in Fig. 1.

Optical properties of materials such as refractive index and energy dissipation spectrum can be obtained
by dielectric tensor that has been obtained from the transition between the occupied and unoccupied
states in the energy band [23]. The imaginary and real parts of the dielectric function de�ned as:

ϵ12(ω) = ϵ
1
(ω) + iϵ

2
(ω)

1

ϵ
1
(ω) = σij +

2
πP

∞

∫
0

ω ,ϵ , ,
ij (ω)

ω , 2 − ω2 dω ,

2

ϵ
2
(ω) =

4πe2

m2ω2 ∑
c ,v

∫dk < ck Pα vk >< vk Pα ck > δ(ϵck
− ϵvk

− ω)

3

In the above relations P represents the Cauchy integral part and σ is the optical conductivity. | ck > and | vk

> are electron states in the capacitance band and the conduction band, respectively.

By imaginary and real parts of the dielectric function we can �nd refractive index and extinction
coe�cient:
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Furthermore, ELF (L) can be Extracted using refractive index and extinction coe�cient [24, 25] as below:
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3. Structural And Electronic Results
The band structure of C66H54Br6N6O12 compound is plotted along the symmetry lines shown in Fig. 2.
The Fermi energy is selected as the origin and is located above the valence band. The band gap, which is
the distance between top of valence band and the bottom of the conduction band, is below the Fermi
level. As can be seen in Fig. 2, a band of energy is created in energy of 1.45 which is not observed in the
density of states. If we consider this string of band as the top of the conduction band, the value of the
band gap will be 1.45 eV; and by regardless of that, the size of the band gap will be 2.06 eV, which is in
good agreement with the density of states. It should be noted that no experimental sample of this
compound has been made so far. The nature of the band gap obtained is indirect along G-M.

The area under the density of states curve for each energy indicates the number of states permitted for
the presence of the electron in that energy range. The DOS of the C66H54Br6N6O12 from − 25 to 20 eV
shown in Fig. 3 by GGA. The band gap calculated in DOS is 1.74 eV which is in good agreement with the
band structure of the compound desired.

In Fig. 4, the calculated density of states (DOS) is displayed for the C66H54Br6N6O12 compound for each
atom. According to the obtained spectra, N- 2s and Br- 4s in -22.8 to -21.8 eV and − 20 to -19.8 eV energy
range is composed the lowest valence states. The top of the valence bands is made up by the Br- 4p and
H- 1s state and the top of the valence bands is made up by the Br- 4p state and the bottom of the
conduction band is mainly composed of by the C- 2s state.

4. Optical Results
The dielectric function is used to describe the material's response to the electric �eld [26]. Because of
C66H54Br6N6O12 compound has a triclinic crystal structure so that lattice parameters are different from
one another therefor dielectric functions along x, y and z direction are different. In the real part of the
dielectric function, maximum and minimum values are about x direction which are in energies 3.08 and
17.26 eV, respectively. In the imaginary part of the dielectric function, the peaks represent the optical
transitions allowed between occupied strips and empty modes which are in 3.33, 4.50 and 6.70 eV in x
direction.

The refractive index of any material expresses the behavior of that material with respect to wave and
electromagnetism. The refractive index is attributed to the environment where light refraction occurs at
the boundary of the environment [27]. refractive index of C66H54Br6N6O12 compound in terms of

( )
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wavelength were shown in 3 direction by Fig. 6. Cauchy's coe�cients in all three directions are calculated
for the refractive index by below formula:

n(λ) = A +
B
λ2 +

C
λ4

7

A, B and C constants are known as Cauchy's coe�cients [28].

Table 1
Cauchy's coe�cients for refractive index

  λ (nm):550 to 750 λ (nm):550 to 850 λ (nm): 600 to 800

  x direction y direction z direction

A: 1.931 1.71 1.858

B: -67778.341 18782.013 -109702.316

C: 31847634236.641 27264415795.807 51417106307.436

The extinction coe�cient for a material is a measure of the amount of electromagnetic radiation
absorbed by that material. If the electromagnetic beam passes easily through the material, the material
has a low extinction coe�cient. The diagram of this parameter is in the part a of Fig. 7.

The extinction coe�cient of a substance is similar to the imaginary part of the dielectric function. The
peaks of the extinction coe�cient in Fig. 7 show the transitions between the band. Table 2 shows the
energy of the peaks, which is in good agreement with the results of the imaginary part of the dielectric
function.

Table 2
Peaks of energy for extinction coe�cient

    Energy (eV)  

  x direction y direction z direction

First transition 3.36 eV 2.57 eV 2.78 eV

Second transition 4.74 eV 5.21 eV 5.21 eV

Third transition 6.97 eV 5.72 eV 5.91 eV

Fourth transition 16.28 eV 15.85 eV 14.76 eV

Electron energy loss spectrum EELS is an optical spectrum [29, 30] used to Getting Plasmon energy. It is a
technique that determination the change in kinetic energy of electrons. The electron density is so
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important to obtain the plasmon excitation.

In part b of Fig. 7, we calculated EEL spectra in x, y and z direction. Energy of main peak that represents
plasmon peaks in x, y and z direction are 23.41, 23.36 and 23.55 eV, respectively. In this energy range, the
real part of the dielectric function is close to zero.

The ratio of the radiant energy absorbed by an object to the total radiant energy that falls on the object is
called the absorption coe�cient. The absorption coe�cient depends on the characteristics of the body
surface. part a of Fig. 8 is showed Absorption coe�cient of C66H54Br6N6O12 compound in x, y and z
directions. Due to the absorption of photons by matter, the electron moves from the capacitance band to
the conduction band. The absorption of photons by the electron is called inter-band absorption. The
adsorption process begins after the band gap range; Because the band gap in the restricted area is empty
of energy levels. Absorption peaks in the C66H54Br6N6O12 composition are around 17 eV. Maximum
optical absorption of the desired composition in x, y and z directions are located in 16.45, 16.87 and
16.87 eV, respectively.

The re�ection coe�cient determines the amplitude of the wave or the intensity of the re�ected wave
relative to the radiation wave. part b of Fig. 8 is showed re�ection coe�cient of C66H54Br6N6O12

compound in x, y and z directions. The maximum of re�ectivity is about x direction that is located in
17.26 eV. The behavior of this quantity is relatively similar in the y and z direction.

Conclusion
structural and optoelectronic properties of C66H54Br6N6O12 compound, which is in the triclinic phase, is
calculated by using density functional theory that generalized gradient approximation (GGA) is used to
obtain the exchange correlation potential. The results of the band structure indicate that an indirect band
gap is created at the bottom of the Fermi surface and its value is measured as 2.06 eV, while in the
density of states, the value of 1.74 eV is measured for the band gap that is close to each other. In the real
part of the dielectric function, maximum values are about x direction which is in energy 3.08 eV. the
optical transitions that obtained from imaginary part of the dielectric function are in 3.33, 4.50 and 6.70
eV in x direction. Cauchy coe�cients in the wavelength range of 550 to 850 nm have been obtained that
correspond to the refractive index range in this region. Maximum optical absorption is located in 16.87 eV
for both y and z axes.
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Figure 1

Crystal structure of C66H54Br6N6O12 compound
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Figure 2

Calculated band structures for C66H54Br6N6O12 by GGA
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Figure 3

Calculated total of DOS for C66H54Br6N6O12 by GGA
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Figure 4

Calculated DOS for C66H54Br6N6O12 by GGA for a) carbon orbitals, b) Hydrogen orbital, c) Beryllium
orbitals, d) Nitrogen orbitals, e) Oxygen orbitals
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Figure 5

Dielectric functions of C66H54Br6N6O12 compound (a) real part (b) imaginary part 
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Figure 6

Refractive index of C66H54Br6N6O12 compound and conformity of Cauchy's equation with it in (a) x
direction (b) y direction (c) z direction
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Figure 7

a) Extinction coe�cient of C66H54Br6N6O12 compound in three dimensions b) Calculated EELS of
C66H54Br6N6O12 compound in three dimensions

Figure 8

a) Absorption coe�cient of C66H54Br6N6O12 compound in three dimensions b) Re�ection coe�cient of
C66H54Br6N6O12 compound in three dimensions



Page 17/17


