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Abstract  
   We have investigated the electronic and optical properties of AlN hexagonal nanosheets under 

different kinds of strains, using the band structure results obtained through the full potential linearized 

augmented plane wave method within the density functional theory. The results show that 10% uniaxial 

strain along the zig-zag direction induces an indirect to direct band-gap transition. The dielectric tensor 

and corresponding optical properties are derived within the random phase approximation. Specifically, 

the dielectric function, reflectivity and refractive index of AlN nanosheets are calculated for both parallel 

(   ) and perpendicular (   ) electric field polarizations.      
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1. INRODUCTION  

   In recent years, different nanostructures 

such as graphene [1], MoS2 [2,3], MoSe2 

[2], Silicene [4], ZnO [5], SiC [6], Stanene 

[7,8], Germanene [9] and Plumbene [10] 

have been studied both experimentally and 

theoretically. Among these materials, 

group-III nitride semiconductor nano 

structures have drawn considerable 

attention for their interesting properties 

and promising applications in spintronics, 

semiconductor lasers, opto-electronis, 

nanoelectronics and solar cells. 

   AlN has a wide band gap of 6.1 eV, 

which is very suitable for modern 

electronic and optoelectronic applications 

[11, 12]. AlN appears in several structural 

forms at the nano scale, ranging from 

nanowires, nanotubes and nanocones to 

nanosheets. Among these wide arrays of 

nanostructures, the 2 dimentional 

monolayer nanosheet with a honeycomb 

lattice structure has drawn a great deal of 

research interest.  Peng Liu et al. studied 

inducing indirect to direct transition in 

band gap by shear strain and dynamical 

stability of AlN monolayer nanosheet [13]. 

Tsipas P et al. report on the epitaxial 

growth of thin AlN films on Ag (111) 

substrates by plasma assisted molecular 

beam epitaxy as a graphite-like hexagonal 

lattice [14]. Zhang [15] have investigated 

the electronic structures and magnetic 

properties of AlN nanosheets and AlN 

NTs. Yuting Peng et al. have investigated 

the p-type impurity properties in the Mg-

doped AlN nanosheet by means of first-

principles calculations [16]. However, 

variation in band structure and optical 

properties of AlN nanosheets under 

application of strain is relatively less 

explored. Strain is known to be very 

effective in manipulating the carrier 

mobility, electronic and band structure in 

nano materials. 

   In this work we have calculated 

electronic structure and optical properties 

of AlN under different degrees and types 

of strain within the framework of density 

functional theory (DFT).  

 

2. COMPUTATIONAL METHOD 

   All calculations presented in this work 

are based on DFT using all the electrons 

and full potential code WIEN2k. In order 

to achieve energy eigenvalues 

convergence, the wave function in the 

interstitial region was expanded in terms of 
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plane waves with a cut-off parameter of 

RMT*Kmax=6.0, where RMT denotes the 

smallest atomic sphere radius and Kmax 

denotes largest k vector in the plane wave 

expansion. For the exchange-correlation 

energy functional, in order to treat electron 

exchange-correlation, we choose the 

Perdew – Burke - Ernzerhof (PBE) 

formulation of the GGA, which yields the 

correct ground-state structure of the 

combined systems. Magnitude of the 

largest vector in charge density Fourier 

expansion or the plane wave cut-off was 

set to Gmax=14 Ry
1/2

. The optical spectra 

were calculated using 210 k-points in the 

first Brillouin zone (BZ). Also a 

sufficiently large 15Å vacuum region was 

used to separate the two-dimensional 

structures to rule out any interaction 

among the neighboring layers along z-axis.   

 

3. RESULTS and DISCUSSION 

3.1. Structural and Electronic Properties 

   We have studied the rectangular unit cell 

which is shown in Fig.1. Since the 

rectangular structure has two non-

equivalent direction we have studied two 

different modes of strain (a) uniaxial strain 

along the x axis (i.e. zig-zag direction); (b) 

uniaxial strain along the y axis(i.e. arm-

chair direction). The different values of 

compressive and tensile strain are 

considered as follows: 

 
      

   
                                      

where       and 10,     is the free-

strain lattice constant and the positive and 

negative signs refer to compressive and 

tensile strains, respectively. 

The hexagonal nanostructure of AlN is 

first optimized by the conjugated gradient 

method. The Al-N bond length is obtained 

1.83Å, which is very close to previous 

theoretical calculations and in a good 

agreement with experimental ones [17, 18, 

20].  

   The total density of states of AlN 

nanosheet versus energy of electrons in 

monolayer under different uniaxial strain 

along the x and y axes are shown in Fig.2. 

 
Figure 1. (a) Illustrates AlN 2D monolayer 

structure in strain free condition. The 

black rectangle-shape denote to the 

considered unit cell in our calculations. 

[purple ball: Al atom, blue ball: N atom]. 

(b)AlN 2D monolayer under 10% strain 

along zig-zag direction. (For 

interpretation of the references to color in 

this figure legend, the reader is referred to 

the web version of this article.) 

 

 
 

Figure 2. Total density of states for (a) 

under uniaxial strain along zig-zag 

direction and (b) under uniaxial strain 

along arm-chair direction. 

a 

b 
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   Under compressive uniaxial strain along 

the x(y) axis, AlN monolayer has got 

larger energy band gaps than strain-free 

monolayer, while it has got smaller energy 

band gap than strain-free condition under 

tensile uniaxial strain along x(y) axis.  The 

exact value of energy band gap has been 

listed in Table 1. 

 

Table 1. Calculated electronic band gap. 

values (eV). 

 

   Also, our band structure calculations 

show that AlN nanosheet is a 

semiconductor with an indirect band gap of 

2.88eV that is in a good agreement with 

previous theoretical results [19,20]. Fig. 3 

illustrates the variation of band gap of AlN 

nanosheet under uniaxial strains from -

10% to 10% for both zig-zag and arm-

chair directions. As can be seen in this 

figure the magnitude of band gap increases 

with the uniaxial strain, when strain is 

increased from -10% to 10%. There is an 

indirect to direct band gap (3.18eV) 

transition at 10% uniaxial strain along the 

zig-zag. 

 

3.2. Optical Properties  

   The optical properties of AlN nanosheet 

such as real and imaginary parts of 

dielectric tensor, reflectivity and refractive 

index for both parallel and perpendicular 

polarization of electric field vector are 

calculated. 

   For perpendicular polarization, the 

direction of the electric field is chosen to 

be incident perpendicular to the plane of 

the AlN nanosheet, whereas for parallel 

polarization, it is chosen to be parallel to 

the plane of the AlN nanosheet. 

Optical calculations are performed in the 

random phase approximation (RPA) by 

using Wien2k code. The optical properties 

can be gained from the complex dielectric 

function      to describe the optical 

response of the medium to the 

electromanetic field at all energies: 

  
Figure 3. Band gap versus strain for AlN 

nanosheet in rectangular unit cell. Filled 

and unfilled symbols represent the indirect 

and direct band gaps, respectively. 

 

                                                 

where       and       are real and 

imaginary parts of complex dielectric 

function respectively. There are two 

contributions to     , namely, interband 

and intraband transitions which involve 

scattering of photons and are expected to 

give a small contribution to     . 

   The imaginary part of the dielectric 

function       is given by [21]: 

         
   

        

      
                            

              
    

   

 

 

where    is the energy of the incident 

photon,   is the momentum operator,
 

 

 

   , 

      is the eigenfunction with eigenvalue 

    and       is the Fermi distribution 

function. The real part of the dielectric 

function       follows from the Kramers-

Kronig relation: 

 

        
 

 
  

    
       

      

 

 
               

 

where P stands for the principal value of 

the integral over   . 
   We have calculated optical properties of 

AlN nanosheet for both parallel (     ) and 

Eg (eV)     -10%      -5%       0          5%        10%      

Eg (|| x)       2.25      2.58     2.88      3.06       3.18 

Eg (|| y)       2.16      2.56     2.88      3.09       3.20 
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perpendicular (    ) electric field 

polarizations. For these directions of 

electric field, real and imaginary parts of 

dielectric function are shown in Fig.4 and 

Fig.5. 

 

 

 

   The static value of the real part of the 

dielectric function         for AlN in 

strain-free condition is respectively given 

as 1.54 and 1.36 for      and   . Under 

uniaxial strain along zig-zag direction 

      for both parallel directions         and 

       have the same values and are different 

from perpendicular ones (     ), While 

Under uniaxial strain along arm-chair 

direction straining structure can cause an 

impalpable effect on the value of static 

dielectric constant in parallel polarization. 

We have also calculated the static 

dielectric constant       for AlN 

nanosheet under different kind of uniaxial 

strain along zig-zag and arm-chair 

directions that have been reported in Table 

2.  

   The refractive index of AlN nanosheet 

that has been calculated according to Eq. 

(5) is depicted versus energy for both 

polarizations under different kinds of 

uniaxial strain. 

 

  

   The refraction spectrum for -10%, 0 and 

+10% cases are plotted in the terms of 

incident photon energy in Fig. 6. 

       
   

    
    

 
 
 

                      

   The value of static refractive index in 

strain-free condition  in parallel 

polarization          is 1.24; while its 

value in perpendicular polarization is 1.17 

The minimum value of the refractive index 

take places at 10.92 eV  and  10.14 eV 

energy  in (       ) and  (  ) polarizations, 

respectively. 

Figure 5. Imaginary parts of dielectric 

function of AlN nanosheet in different 

directions for (a) under uniaxial strain   

along zig-zag direction and (b) under 

uniaxial strain along arm-chair direction. 

Figure 4. Real parts of dielectric function 

of AlN nanosheet in different directions for 

(a) under uniaxial strain   along zig-zag 

direction and (b) under uniaxial strain 

along arm-chair direction. 

(a) 

 

(a) 

 

(b) 

 

(b) 
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   The static refractive index for both 

parallel           (         ) and perpendicular 

          directions is seen. Also, the results 

exhibit that refraction spectra have the 

maximum value between 5-12 eV range. 

The static refractive index has different 

values along zig-zag and arm-chair 

directions. We have also calculated the 

exact values of refractive index      for 

AlN nanosheet under different kind of 

strain that have been reported in Table 3. 

 

Table 2. Dielectric constant of AlN 

nanosheet under different uniaxial strain. 
Strain along 

zig-zag 

direction 

                    

10 1.03 1.05 1.06 

5 1.01 1.01 1.01 

0 1.36 1.54 1.54 

-5 1.02 1.07 1.07 

-10 1.02 1.08 1.08 

Strain along 

arm-chair 

direction 

   

10 1.03 1.06 1.05 

5 1.33 1.52 1.47 

0 1.36 1.54 1.54 

-5 1.32 1.52 1.56 

-10 1.30 1.53 1.62 

 

4. CONCLUSION     

   We have calculated the electronic 

structure and optical properties of AlN 

nanosheet with rectangular unit cell by 

DFT in the generalized gradient 

approximation. To investigate the optical 

properties of AlN nanosheet, the parallel 

(   ) and perpendicular (  ) electric fields 

with respect to the AlN nanosheet are 

considered. It’s found that the optical 

spectra are anisotropic along with these 

two polarizations. We found that the static 

dielectric constant for the (     ) and (  ) 

doesn’t have a significant difference. There 

are two main peaks in the imaginary parts 

of dielectric function along the (   ) and 

(  ) and some weak peak is observed 

between these two peaks that are related to 

weak resonances. Under different strain the 

dielectric constant along zig-zag direction 

nearly is same but in arm-chair direction 

changes smoothly and the refractive index 

in both direction changes smoothly.  

 

Table 3. Refractive index of AlN nanosheet 

under different uniaxial strain. 
Strain along 

zig-zag 

direction 

                    

10 1.02 1.03 1.01 

5 1.00 1.00 1.01 

0 1.17 1.24 1.24 

-5 1.01 1.03 1.03 

-10 1.01 1.04 1.04 

Strain along 

arm-chair 

direction 

   

10 1.02 1.03 1.02 

5 1.15 1.23 1.21 

0 1.17 1.24 1.24 

-5 1.15 1.23 1.25 

-10 1.14 1.24 1.27 

 

 

 

 

 

 
 

Figure 6. Refraction of AlN nanosheet in 

different directions for (a) under uniaxial 

strain along zig-zag direction and (b) 

under uniaxial strain along arm-chair. 

direction. 

 

 

(a) 

 

(b) 
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