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ABSTRACT 

We present results of our calculations on the optical properties of the freestanding (2,2) singled-walled boron 

nitride nanotube (SWBNNT) using the density functional theory (DFT) and random phase approximation (RPA). Previous 

study shows that freestanding (2,2) SWBNNT holds a narrow band gap of 3.01 eV. Then, our optical calculations exhibit 

that freestanding (2,2) SWBNNT generates the main absorption peaks are in the ultraviolet (UV) energy ranges. 

Furthermore, the freestanding (2,2) SWBNNT can absorb light at longer wavelengths. It starts from the visible light until 

the ultraviolet type C (UVC). These findings offer a chance that material can be applied as a photocatalyst. 
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INTRODUCTION 

Boron nitride nanotubes (BNNTs) and carbon 

nanotubes (CNTs) have similar structures [1-4]. BNNTs 

can be easily visualized as a rolled up graphite sheet, where 

all C atoms are replaced by B and N atoms [5-9]. 

Furthermore, similar to CNTs, BNNTs also have high 
thermal conductivity and high strength [10]. However, it is 

more difficult to fabricate BN- NTs compared to CNTs. So 

far, BNNTs have been success- fully fabricated with 

diameters of 2.5-50 nm [11-17] with various possible 

applications such as dyeable fibers, superstrong 

composites, catalysis, chemical filtering, and storage of 
gases [18, 19]. These applications utilize BNNTs since 

these materials possess the insulating behavior with a 

band gap ∼ 6 eV [20, 21]. 

On the other hand, BNNTs also have varied 

narrow band gap that depends on its geometry for diameter 
BNNTs smaller than 9.5 nm. Since the theoretical studies 

and the well-defined synthesis are still lacking for the 

narrow SWBN- NTs, these limitations make narrow 

SWBNNTs have not be- come attentive. However, the new 

interesting information can be found by investigating these 

narrow SWBNNTs as a new photocatalyst. We should 
activate the photochemical reaction of SWBNNTs not only 

at the UV light energy range but also at energy ranges of 

the visible light using these narrow SWBNNTs. Because 

of this reason, we are interested in investigating the optical 

properties of the freestanding (2,2) SWBNNT using the 

random phase approximation (RPA). 
RPA is a step in the transformation to simplify 

the many- electron Hamiltonian of a uniform electron gas 

to a quasi- electrons Hamiltonian in the context of plasma 

theory [22] which is first introduced by Bohm and Pines 

[23]. Then, this method is used to study the linear optical 
response of semi-conductors for the group-IV materials Si, 

SiC, and diamond by Gavrilenko et al. [24]. RPA is also 

employed by Rani et al. [25] to calculate the dielectric 

function, absorption spec- trum and energy loss-function of 

single layer graphene sheet. Considering that the RPA 

method has been widely used and has a good accuracy for 

optical calculations especially for narrow-gap systems, so 
the use of this method on our work is an appropriate 

decision. 

 

COMPUTATIONAL DETAILS 

Here, we consider the freestanding (2,2) 
SWBNNT constructed from the hexagonal boron nitride 

(h-BN) structure. We optimize the h-BN structure and then 

rolling it up to be- come the freestanding (2, 2) BNNT 

structure as shown in Figure-1. The optimization and 

relaxation of the structure are then carried out using the 

density functional theory (DFT) method until the 
convergence criteria are fulfilled: (a) the total (free) energy 

change between two steps are smaller than 10−6 a.u. for 

whole the break condition self-consistency (SC)-loop, (b) 

all the atomic forces for the atoms (or the allowed relaxed 

degrees of freedom) are smaller than -0.01 a.u.  between 

two ionic steps relaxation [26]. Then, we use 1×1×16 k-

point mesh and 450 eV of cut-off energy.   In addition, 
the ion-electron interactions are described by the ultra-soft 

pseudopotentials [27-29], and exchange-correlation 

potential is described by the local density approximation 

(LDA) [30] 

Hereinafter, we investigate the optical properties 

such as absorption, reflection, and transparency sections of 
the free- standing (2, 2) SWBNNT by computing its 

dielectric function using the random phase approximation 

(RPA). The di- electric function consisting of a real part 
and an imaginary part (ε = ε1 + iε2), each of the parts will 

interpret the refractive index and the absorption of the 

freestanding (2, 2) SWBNNT. 

 

RESULTS AND DISCUSSIONS 

 

Optimized Structure and Band Gap 

We first calculate the geometrical structure of 

hexagonal boron nitride (h-BN) before we construct the 

freestanding (2, 2) armchair SWBNNT. We get 0.1438 nm 

of B-N bond length from the optimized h-BN structure. 
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This B-N bond length value can be compared with 

previous value for B-N bond length, 0.1437 nm [31] and 

0.1446 nm [32]. Then, we roll the optimized h-BN into the 

freestanding (2, 2) SWBNNT where a unit cell consisted 

of four boron and four nitrogen atoms. 

We find that freestanding (2,2) SWBNNT has two 

dis- similar diameters (d1 and d2) and two dissimilar B-N 

bond lengths (r1 and r2) as illustrated in Fig. 1. The 

diameter of nitrogen ring (d2 = 0.304 nm) is larger than the 

diameter of boron ring (d1 = 0.267 nm). The B-N bonds 

along the tube axis (r2 = 0.148 nm) are larger than the B-N 

bonds around the tube axis (r1 = 0.146 nm). The lattice 

constant (c) is fix to be 0.257 nm. The freestanding (2,2) 

SWBNNT is expected to be stable with -52,36 eV of 

binding energy. 

We also compare the calculated structural 

parameters of the freestanding (2, 2) SWBNNT in this 

work with other previous studies as shown in Table 1. 

Based on the data shown in Table 1, we conclude that the 

DFT-LDA do not underestimate the structure parameter of 

the freestanding (2,2) SWBNNT. 

Then, we need the ground state calculation of the 

free- standing BNNT using DFT method as an input of the 

RPA calculation. Then, we also get the band structure 

diagram as shown in Fig. 2. The band gap of the 

freestanding (2, 2) SWBNNT is 3,01 eV of an indirect 

band gap. That indirect band gap occurred because the 

freestanding (2, 2) SWBNNT has a strong nearly free 

electron (NFE)–π∗ hybridization which impact 

significantly in repulsion between the NFE and π∗ band. It 

will make the π∗ state moves closest to Z symmetry point 

while the π∗ state is raised between Γ and Z symmetry 

point. In addition, that the NFE-π∗ hybridization is 

proportional to the π∗ − σ∗ hybridization. This 
hybridization impacts to the narrow band gap of the 

freestanding (2,2) SWBNNT. 
 

Optical Properties 

We group the optical spectra into three regions 

such as in- frared (IR) energy range from 0 to 1.7 eV, the 

visible light (VL) energy range 1.7 eV to 3.3 eV and the 

ultraviolet (UV) energy range > 3.3 eV. Furthermore, we 

divide the ultraviolet range into three groups, namely UVA 

(3.3 – 3.8 eV), UVB (3.8 – 4.4 eV), and UVC (4.4 - 12.4 

eV) [33].  We deliberately divide those UV energy ranges 

to investigate which specific UV region the optical peaks of 

the SWBNNT are clearly visible. 

Then, the dielectric function of the real part and 

the imaginary part of the freestanding (2, 2) SWBNNT for 

both light polarization directions are actually anisotropic. 

The peaks in the absorption spectra in case of light 

polarization perpendicular to the nanotube axis is higher 

than the peaks of light polarization parallel to the nanotube 

axis. Those peaks are not located in the same location for 

both light polarization directions. Furthermore, each figure 

of the real part and imaginary part of the dielectric function 

of the freestanding (2, 2) SWBNNT, consisted two graphs 

with local field (LF) effect and without local field (LF) 

effect as displayed in both Figure-3 and Figure-4. Both the 

dielectric function with LF effect and without LF effect 

have no significant contribution. The LF effect of the 

imaginary part of the freestanding (2, 

2) SWBNNT dielectric function has lower 

absorption peaks than the absorption peaks of without LF 

effect of the imaginary part of the freestanding (2, 2) 

armchair SWBNNT. The LF effect corrections do not alter 

the prominent peak positions, but that effect just very 

slightly shifts the peaks to the higher energy spectra. In 

addition, either with LF effect or without LF effect 

corrections display the real part graphs of the dielectric 

function which started and ended at the same point for 

light polarization perpendicular and parallel to the 

nanotube axis as shown in Figure-4 (a) and Figure-4 (b). 

Furthermore, we show the optical absorption of 

the free- standing (2, 2) SWBNNT for both light 

polarization perpendicular and parallel to the nanotube 

axis are provided in Figure-3(a) and Figure-3(b). From 

these figures, the absorption is started in the energy range 

of VL and then rise rocketed until UV energy region. 

Then, we discover the maximum peaks of the optical 

absorption around 6 eV for light polarization 

perpendicular to the nanotube axis, and around 5 eV in 

case of light polarization parallel to the nanotube axis. 

Based on the absorption spectra of the 

freestanding (2,2) SWBNNT, we conclude that the 

freestanding (2,2) SWBNNT does not relate to its 

electronic bad gap. Since the previous study shows the 

band gap of the freestanding (2,2) SWBNNT is around 3,01 

eV, the main absorption peaks should be in the range of 

UVA. However, the imaginary dielectric function graph 

indicates that the primary absorption peaks of the 

freestanding (2,2) SWBNNT are defined at UVC. 

In addition, there are no peaks exist in the energy 

range of infrared (IR) as observed in all Figure-3. It means 

that there is no radiation absorptions occur in the IR 

section. It is caused by a very small or zero extinction 

coefficient (k) which is related to absorption in the IR 

energy ranges as displayed by ε(2) = 0 in Figure-3. On the 

other hand,  
 

 
 

Figure-1. Geometry and structural parameters of 

freestanding (2, 2) SWBNNT; (a) along the rube axis and 

(b) side view. (B: boron as shown in pink and N:  nitrogen 

as shown in blue). 
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Table-1. Structural parameters of the freestanding (2, 2) SWBNNT (nm). 
 

 r1 r2 d1 d2 c 

LDA (This work) 0.1460 0.1479 0.2672 0.3039 0.2568 

PBE (Jia et al.) Ref. [47] 0.1464 0.1465 0.2685 0.3057 0.2524 

 

 
 

Figure-2. Band structure of the freestanding (2, 2) SWBNNT. 

 

 
 

Figure-3. Imaginary part (a. u.) of the freestanding (2, 2) SWBNNT dielectric function 

(a) perpendicular (b) parallel to the tube axis 

 

 
 

Figure-4. Real part (a. u.) of the freestanding (2, 2) SWBNNT dielectric function 

(a) perpendicular (b) parallel to the tube axis. 
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Figure-5. Light absorption, reflection and transmission on 

the freestanding (2,2) SWBNNT. 

 

the refractive index (n) is high in those energy ranges by 
noticing ε(1) > 1 in the IR and VL sections in Figure-4. 
Then, the correlation among ε(1), ε(2)

, n, and k are 

illustrated by: 

 

ε(2) = 2nk = 0                                                 (1) 
 

ε(1) = n2 − k
2 > 1                                                              (2) 

 

In case of k= 0, n >1, so: 

 

ε(1) = n2                                                                            (3) 
 

Based on equation 3, the refractive index (n) in 

this case is root of ε(1) and the value of ε(1) at zero energy is 

called the dielectric constant. Thus, we have the dielectric 

constant values in case of light polarization perpendicular to 

the nanotube axis is 1.33 a.u., while in case of light 
polarization parallel to the nanotube axis is 1.34 a.u. as shown 

in Figure-4(a) and Figure-4(b). Such values mean that the light 

rate is 1.33 or 1.34 times lower when the freestanding (2.2) 

SWBNNT is penetrated than the light rate in the vacuum 
The additional information of the optical properties of the 

freestanding (2,2) SWBNNT is provided by Figure-5. Since the 

total of absorption, reflection and transmission of light occurred 

on the freestanding (2,2) SWBNNT is 1 (A+R+T=1), we can 

find out which one of among the three of those activities more 

dominant takes place on this material. In general, most of the 

light is transferred by this material (high transmission) especially 

in the energy range which started from X-ray spectra to the 

higher energy spectra. In this area, the freestanding (2,2) 

SWBNNT is almost 100 % transparent. This transparency 

also occurred in the IR energy spectra, which is indicated by 

none the absorption occurred in the IR spectra. However, the 

freestanding (2,2) is not fully transparent in that IR range 

because some of the IR will be reflected as shown in Figure-

5. 

We also focus on the UV energy spectra which is 

divided into three subsections such as UVA, UVB and UVC. 

The calculation results indicate that the amount of the light 

absorption is slightly going up to around 18 % from the 

UVA to the UVB sections. The light will also be reflected and 

transmitted by the freestanding (2,2) SWBNNT. In this area, 

the amount of the reflection is equal to the transmission, but 

the amount of the reflection is going down from the UVA to 

the UVB. Furthermore, the transmission is going up from the 

UVA to the UVB and is rocketing to the UVC spectra. So 

that, the freestanding (2,2) SWBNNT creates the highest 

transparency in the UVC (5-8 eV) and high absorption in 

that UVC area. 

Furthermore, the application of the freestanding 

(2,2) BNNT as a photocatalyst material needs to be stated 

based on these optical calculation especially for absorption  

activities. In order for a photocatalyst to work, it should be 

photactive. In that case, we need to specify the source of our 

photons are UV light and visible light. So that, the absorption 

activities of the freestanding (2,2) SWBNNT which started 

from visible light until UVC area, make this freestanding 

(2,2) SWBNNT has an opportunity for this application. 

 

CONCLUSIONS 

In summary, the anisotropic optical dielectric 

function of the freestanding (2, 2) SWBNNT is calculated 

using the random phase approximation (RPA) for light 

polarization perpendicular and parallel to the nanotube 

axis. The results of the calculations indicate that the 

maximum absorption and reflective peaks of the 

freestanding (2,2) SWBNNT demonstrate in the range of 

UV energy spectra and IR energy spectra. Hence, based on 

these optical calculations, we can relate that the 

freestanding (2,2) SWBNNT has absorption activities start 

from the visible light energy range until the UV energy range 

can be applied as a photocatalyst. 
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