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First principle calculations were performed to investigate the electronic band structure, density of 

states, charge density and optical properties of 5-azido-1H-tetrazole. The calculated band structure 

shows that the compound is a semiconductor having indirect  0A  band gap. The total valance 

charge density in  904  plane shows the covalent nature of the bonds in 5-azido-1H-tetrazole 

molecule. The compound 5-azido-1H-tetrazole contains four homodimers. In each homodimer the 

molecules held together by hydrogen bond of about 1.74 Å. The calculated bond length, angles and 

torsion angles of 5-azido-1H-tetrazole show close agreement with experimental results. The average 

value of real and imaginary part of dielectric function was calculated. The three principal tensor 

components of )(2  , )(1  , )(n , )(I  and )(R  were investigated. The calculated band gap’s 

values and optical properties show that the investigated compound is suitable for optoelectronic 

devices in far-ultraviolet (UV-C) region. 
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1. INTRODUCTION 

In recent years the energetic heterocyclic compounds like pyrimidines, triazoles, triazines, 

tetrazoles, tetrazines and heptazines
 
[1] gain considerable attention due to their vast application in civil 

and military areas [2-10]. Some of azole and tetrazole derivatives used as corrosion inhibitive in 

copper, aluminum [11,12].  The study of tetrazole compounds is linked to the application of nitrogen 

nuclear quadrupole resonance (
14

N NQR) to detect explosives and the study of polymorphism in some 

pharmaceuticals [13]. Previous literature on tetrazole derivatives shows that 5-substituted tetrazoles 
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show more stability than 1‒and 2–substituted isomers [14]. Among them 5-azido-1H-tetrazole is new 

energetic materials [15-18]. It belongs to the group which contains the highest nitrogen content [19, 

20]. Due to high nitrogen percentage the 5-azido-1H-tetrazole has further vast applications including 

effective precursors for carbon nanospheres and carbon nitride nanomaterials, [21-23] solid fuels in 

micropropulsion systems [24], gas generators [25], and smoke-free pyrotechnic fuels [26]. A lot of 

work has been done on structure properties and decomposition mechanism of this group of compounds 

[2, 5, 14, 7, 27-34]. The 5-azido-1H-tetrazole exhibit high density, good thermal stability and high 

positive heat formation, low sensitivities towards impact and friction, both 5-azido-1H-tetrazole and its 

decomposition product are compatible for environment [19, 34].
 
Though 5-azido-1H-tetrazole was 

found to be very sensitive for applications, it is still an attractive compound for researchers because the 

detailed decomposition mechanism by which the solids release energy under mechanical shock is still 

not well understood [34]. 

For the first time in 1939 the neutral 5-azido-1H-tetrazole was expressed in patents [35, 36] and 

was also investigated few years ago [37, 38]. The complete characterization of this compound was not 

described well due to its erratic explosive nature. Additionally, due to the uncertain position of 

hydrogen atom in the solution of the crystal structure reported previously was poor.  

Stierstorfer et al. [19] determined the crystal structure of 5-azido-1H-tetrazole by low 

temperature X-ray diffraction. They conformed the position of the hydrogen atom contacting the 

nitrogen atom N1 by a strong hydrogen bond. The gas phase structures of 5-azido-1H-tetrazole and 5-

azido-2H-tetrazole were compared by DFT calculations using the program package Gaussian03 [39]. 

Stierstorfer et al. [19] also calculated the heat of formation, thermal behavior, sensitivity, density and 

several detonation parameters of 5-azido-1H-tetrazole using EXPLO5 software [40], differential 

scanning calorimetry (DSC) [41] and BAM drophammer
 
[42, 43], ESD  and friction tester. 

To understand the explosive properties of crystalline 1H-tetrazole and its substituted 

derivatives 5-amino-1H-tetrazole\ 5-methyl-1H-tetrazole\5-azido-1H-tetrazole Zhu et al.[34] 

performed a DFT study of electronic structure, absorption spectra, and thermo-dynamic properties 

using CASTEP code [44]. They also made to correlate the impact sensitivity of the four crystals with 

their band gap. Their result shows that the first-principles band gap criterion can be use to predict 

impact sensitivity for the substituted 1H-tetrazoles. Zhu et al. used Vanderbilt-type ultra-soft pseudo 

potential method [45] for their calculation which is not much accurate. 

In present work we make use of the full potential linear augmented plane wave (FPLAPW) 

method which has proven to be one of the most accurate methods for the computation of the electronic 

structure of solids within DFT [46, 47]. Thus we have calculated the electronic band structure, density 

of state (DOS), bonding nature and optical and properties of 5-azido-1H-tetrazole which give best 

result as compared to the pseudopotential method. 

 

 

2. CRYSTAL STRUCTURE AND COMPUTATIONAL DETAIL 

The chemical formula of 5-azido-1H-tetrazole is CHN7. The established crystal structure is 

monoclinic having space group P21/c, with eight formulas per unit cell . The lattice constant 
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a=11.560Å, b=7.5553Å, c=17.164Å and β= 578.98 , V=1482.3 Å
3
, Z=8, μ=0.145mm

-1
. The 

crystallographic data for 5-azido-1H tetrazole have been taken from Cambridge Crystallographic data 

Center [48]. The deposition number for supplementary crystallographic data was (CCDC) 673182. The 

molecular structure and unit cell of 5-azido-1H-tetrazole are shown in Fig.1. 

 

 
 (a)                                                                     (b) 

 
(c) 

 

Figure 1. Structure of 5-Azido-1H-tetrazole (a-b) Unit cell (c) Two molecules 

 

The calculations were carried out using the full potential linear augmented plane wave 

(FPLAPW) method within the frame work of WIEN2K code [49]. The exchange correlation energy 

was treated by the local density approximation (LDA) using the Ceperley-Alder (CA) approach [50], 

Generalized gradient approximation (GGA-PBE) [51],
 

and Engle Vasko generalized gradient 

approximation (EVGGA) [52]
 
for self-consistent calculations. Additionally the most recent modified 

Becke and Johnson (mBJ) potential was used [53]. For convergence of energy eigenvalues the wave 

function in the interstitial regions were expended in plane waves with cutoff 0.7max KRMT . Where 

MTR  represent the muffin-tin (MT) sphere radius and maxK  represent the magnitude of largest K vector 

in plane wave expansion.  The selected MTR   are 1.07 atomic units (a.u.) for N, 1.26 a.u. for C and 0.70 

a.u. for H atom. The wave function inside the sphere was expended up to 10max l  where as the 

Fourier expansion of the charge density was up to ..).(26 1

max

 uaG  The crystal structure is 

optimized by minimization of forces acting on the atoms. The convergence of the self-consistent 

calculations were done by the difference in total energy of the crystal did not exceed Ryd510 for 



Int. J. Electrochem. Sci., Vol. 8, 2013 

  

9462 

successive steps. The self consistencies were obtained by 84 k points in irreducible Brillion zones 

(IBZ), initiated from 400 k points in the Brillion zones (BZ). 

 

 

 

3. RESULT AND DISCUSSION 

3.1 Band structure and density of state 

The physical properties of many compounds are directly or indirectly correlated to the 

electronic band structure of the material, while the basis of the band structure can be related to the 

density of state [54]. In Fig.2 the band structures of 5-zido-1H-tetrazole were calculated using LDA, 

GGA-PBE, EVGGA and mBJ respectively. The calculated energy gap )( gE  of 5-zido-1H-tetrazole is 

3.60 eV (LDA), 3.65 eV (GGA), 3.69 eV (EVGGA), and 4.43 eV (mBJ). 

 

 
 (a)                                          (b)                                           (c)                           

 

 
(d) 

 

Figure 2. Calculated band structure (a) LDA (b) GGA-PBE (c) EVGGA (d) mBJ 
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(a) 

 
(b) 

 
(c) 

 

Figure 3. Calculated total and partial densities of states (States/eV unit cell) 

 

Fig.2 and Fig.3a clarifies that mBJ scheme gives better band splitting. The mBJ scheme was 

selected for further explanation of density of state.  To the best of our knowledge there is no 
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experimental value of the energy gap is available in the literatures. Thus we have compared our 

calculated energy gap with the previously calculated one (3.82 eV) using CASTEP –LDA [35]. Based 

on our previous results [55-58] using the FPLAPW method which show good agreement with the 

experimental data we can consider the present results are more accurate, hoping that our present work 

will stimulate some more works on this material. Future experimental works will testify our calculated 

results. In order to study the nature of the band structure the occupied and unoccupied bands are 

plotted separately. Fig.2d shows the indirect  0A  band gap of the investigated compound.  

Fig.3b & c show partial density of states of 5-zido-1H-tetrazole. In the energy range between –

11.4 eV and –11.2 eV the bands are originated from H-1s, N-2s/2p and C-2s/2p states. In this range the 

strongly hybridized N-2p state and C-2p state are dominant while the contribution H-1s and C-2s states 

are small. The second group from –10.4 eV to –9.4 eV is mainly due to the N 2s/2p, C 2s/2p and H-1s 

states. N-2p and C-2s states show dominancy in this range while the contribution of N-2s and C-2s 

states is negligible. The third group from –8.3 eV to –7.8 eV is the mixture of N 2s/2p, C 2s/2p, H-1s 

states with leading role of N-2p state.  The fourth group in the energy range between –4.6 eV and –3.5 

eV the bands are formed by the combination of N-2p states and C-2p states with miner contribution of 

N-2s and H-1s states. The fifth group from –3.3 eV to –2.6 eV the bands are originated from C-2s/2p 

states and N-2s/2p states. The sixth group of bands in the energy range between –2.6 eV and –1.4 eV 

are formed by the contribution of N-2s/2p states, C-2s/2p states. N-2p state is foremost in this range. 

We should emphasize that N-2s states and C-2s state are strongly hybridized in this range. The group 

of bands from –0.3 eV up to Fermi level is mostly contributing the valance region formed by N-2p 

states and C-2p states. The first group of bands above Fermi level is formed by the combination of N-

2p and C-2s/2p states. The next group of bands in the energy range between 7.2 eV and 8.0 eV 

designed by the contribution of N-2p and C-2p states with the foremost role of C-2p states. N-2s/2p 

and C-2s/2p states contribute in the formation of bands in the energy range from 8.4 eV to 9.4 eV. In 

this range there is strong hybridization between C-2s and N-2p state as shown in Fig.3(c). In the 

energy range from 10.0 eV to 11.2 eV the bands are fashioned by the contribution of N-2s/2p, C-2s/2p 

states and H-1s state with hybridization of N-2p and C-2p states. In the energy range from 11.7 eV to 

16.7 eV the contribution of the N-2s/2p states, C-2s/2p states and H-1s state forms bands with 

hybridization of N-2s and H-1s states. In the energy range between 16.8 eV to 18.4 eV the bands 

fashioned by the N 2s/2p states, C 2s/2p states and H-1s state. In this range there is strong 

hybridization between N-s, H-s states and N-2p, C-2p states. 

 

3.2. Electronic charge density  

Electronic charge density plot is used for accurate description of bonds nature [59, 60]. The 

charge density of 5-azido-1H-tetrazole is derived from the reliable converge wave function which is 

used to study the bonds nature of the solid.  The total valance charge density was calculated in  904  

plane using mBJ scheme for complete visualization of charge transfer and bonding properties. Fig.4a 

shows the three repeated cells of 5-azido-H-tetrazole along Y axis which give the clear image that 5-
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azido-H-tetrazole contains four homodimers. In each homodimer the molecules held together by 

hydrogen bond. The calculated length of the bond between H and N4 is 1.74 Å as shown in Fig.4b.  

 

 
(a) 

 
 (b) 

 

 
 (c) 

 

Figure 4. Electronic charge density contour of three repeated cell in  904  plane using mBJ (b) 

Homodimer among 5-azido-1H-tetrazole molecules (c) Electronic charge density contour    of 

single molecule in  904  plane 
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The eight formulas in the investigated compound have same number, kind, and order of atoms, 

therefore, to calculate the electronic charge density only the single molecule is shown in Fig.4c. The 

strong charge shearing between the atoms of 5-azido-1H-tetrazole molecule show covalent bond. 

According to Pauling scale the electro-negativity values of C(2.5), N(3.0) and H(2.1) shows that there 

is covalent bond between the C–N1, N1–N2, N2–N3, N3–N4, N4–C, C–N5, N5–N6, N6–N7 and H–N1. The 

electro-negativity difference in C–N1(0.5) shows that there is polarity in covalent bond. The cloud 

around the molecule shows that the intensity of the charge which is mainly due to the delocalized 

electron [61]
 
resonates on the 5-azido-1H-tetrazole molecule. The calculated bond length, angles and 

torsion angles of 5-azido-1H-terazole are shown in Table1 and Table 2 which show close agreement to 

previous reported work of Stierstorfer et al. [19]. 

 

Table 1. Calculated bond length and bond angles of 5-azido-1H-tetrazole 

 

                          Bond length (Å)                              Bond angles (°) 

                        Present work
*
            Exp. work

a
                             Present work

*
           Exp. work

a
 

  C1‒N1                              1.347                      1.327         

  N1‒N2                              1.359                      1.355                    

  N2‒N3                              1.307                      1.295 

  N3‒N4                              1.369                      1.372 

  N4‒C1                    1.340                      1.321 

  C1‒N5                    1.380                      1.383 

  N5‒N6                    1.253                      1.267    

  N6‒N7                              1.136                                1.117               

  C1‒N1‒N2                           108.1                    108.3 

  N3‒N2‒N1                           106.9                    106.5 

  N2‒N3‒N4                           110.6                    110.6 

  N1‒C1‒N5                  121.9                    121.0 

  C1‒N4‒N3                  105.5                    105.1 

  N4‒C1‒N5                  129.2                    129.5 

  N6‒N5‒C1                  114.8                    113.1 

  N5‒N6‒N7                           171.2                    171.9             

 

[Present work]
*
, [Stierstorfer et al]

a 

 

Table 2. Calculated torsion angles of 5-azido-1H-tetrazole 

 

Torsion angles (°)                                       Present work
*
                                             Exp. work

a
 

    N2‒N1‒C1‒N5                                                                      178.04                                                       178.14 

    N1‒C1‒N5‒N6                                                                      174.69                                                       174.30 

[Present work]
*
, [Stierstorfer et al]

a 

 

3.3. Optical properties 

In the history of materials research optical properties of solids and their measurements 

represent one of the most important scientific performances. There is no possibility to get advancement 

in photonic devices for optical communication without proper understanding optical properties of the 

materials. Optical properties of materials attains much attention not only in physics in usual traditional 

research but also used in other sciences and engineering in wide range [62].  

In this work the main aspect for calculation of optical properties is dielectric function. For 

calculation of frequency dependent dielectric function )(  we need energy eigenvalues and electron 
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wave functions. Both energy eigenvalues and electron wave function are the natural output for the 

calculation of band structure. The symmetry of the reported crystal structure consent to three non-zero 

components of second order dielectric tensor along a, b and c crystallographic axis. The three principal 

complex tensor components for single crystals are )( xx , )( yy  and )( zz . We need to calculate 

the three components of the imaginary part of dielectric function for complete characterization of 

linear optical properties using the expression taken from the Ref [63]. 

   







 



 knnknkknj

nn

i

ij EEffknpnknkpkn
Vm

e
1

4
22

22

2  

In the given expression m and e represent mass and charge of electron and ω represent the 

electromagnetic radiation striking the crystal, V represent volume of the unit cell, in bracket notation p 

represent the momentum operator, kn  represent the crystal wave function with crystal momentum k 

and σ spin which correspond to the eigenvalue knE . The Fermi distribution function is represented by 

knf makes sure the counting of transition from occupied to unoccupied state and    knnk EE  

represents the condition for conservation of total energy.  Here we ignore phonons involved in the 

indirect inter-band transition because of small contribution to )(2   and only take direct band 

transition between occupied and unoccupied state.  

 

(a)    (b) 

 

          (c)      (d) 
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(e)     (f) 

 

 
(g) 

 

Figure 5. (a) Calculated )(2  average  (b) Calculated )(1  average (c) Calculated )(2  xx , )(2  yy  and  

)(2  zz (d) Calculated )(1  xx , )(1  yy  and )(1  zz (e) Calculated )0(xxn , )0(yyn  and )0(zzn (f)  

Calculated )(xxI , )(yyI  and )(zzI (g) Calculated )(xxR , )(yyR  and )(zzR  

 

The average value of these three tensor components is taken for calculation of imaginary part 

dielectric function. The imaginary part of dielectric function )(2  average can be divided into direct and 

indirect band transitions. The electric dipole transitions between occupied and unoccupied bands are 

generally used to determine the peaks in the optical response.  

These peaks can be identified using the band structure. The optical spectra of )(2  average  is 

shifted towards higher energies, as one move from LDA to GGA-PBE, EVGGA and mBJ as shown in 

the Fig.5a. According to Reshak et al.[64] mBJ causes to shift all structures towards higher energy 

with lower amplitude yields better band splitting. Photons having energy less than 4.43 eV show high 

transparency and no absorption occurs in this range. At absorption edge first transition of electron 

occurs from valance band maximum (VBM) fashioned by N-2p and C-2p states to conduction band 
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minimum (CBM) shaped by N-2p and C-2s/2p states. In the energy range between 4.43 eV and 5.0 eV 

shows strong photon absorption.  In the energy range from 5.31 eV to 6.84 eV the small peaks of the 

energy spectra show less absorption. The absorption again becomes maximum in the energy range 

from 6.84 eV to 7.50 eV. In energy range between 8.8 eV and 13.5 eV the small peaks show maximum 

reflectivity and negligible absorption. 

From Kramers-Kronig inversion, the real part of dielectric function can be calculated using 

imaginary part of dielectric function [65]. 










0

22

2
1

)(2
1)( 






 dP  

where P represent principal value of integral. The real part of dielectric function 

)(1  average calculated using LDA, GGA, EVGGA, and mBJ is shown in Fig.5b. One can see that mBJ 

shifts whole structure towards higher energies in comparison to the almost identical structures of  

)(1  average  obtained by LDA, GGA and EVGGA.  

The values of   01

average  are presented in Table 3. mBJ gives the lowest values. We note that a 

smaller energy gap yields a larger  01  value. This could be explained on the basis of the Penn model 

[66]. Penn proposed a relation between  01  and gE ,    2
1 10 gP E  . gE is some kind of 

averaged energy gap which could be related to the real energy gap. It is clear that  01  is inversely 

proportional with gE . Hence a larger gE  yields a smaller  01 . 

Since the investigated compound is monoclinic therefore there exist several principal complex 

tensor components, we will take only the major components. These are )(2  xx , )(2  yy  and )(2  zz  the 

imaginary parts of the dielectric function as illustrated in Fig. 5c. There is a considerable anisotropy 

between the three components of dielectric tensors. At 5.0 eV the three components form the first peak 

of the optical spectrum, it is clear that )(2  zz  component show the highest amplitude as a dominant 

component and play major role in transition of electron from bottom VB to the top of CB. While  

)(2  xx  and )(2  yy  show its maximum value at 6.3 and 5.0.  

 

Table 3. Calculated )0(1

average , )0(1

xx , )0(1

yy , )0(1

zz  and gE for 5-azido-1H-tetrazole 

 

                                 LDA                       GGA                       EVGGA                         mBJ 

)0(1

average                  7.22                         7.08                           6.80                             5.47 

)0(1

xx                       2.48                         2.38                            2.28                            1.87 

)0(1

yy                       3.77                         3.70                            3.61                            2.89 

)0(1

zz                       2.90                         2.86                            2.74                            2.22 

)(eVEg                    3.60                         3.65                            3.69                            4.43                                 

 

 In the energy range from 5.22 eV and above )(2  yy  is the dominant. )(2  yy  show maximum 

peaks at 7.45 eV and 8.61 eV elucidate that )(2  yy  is more responsible for transition of electron in this 

range. For the whole energy range both of )(2  xx  and )(2  zz  are isotropic except at 5.0 and 7.0 eV.  



Int. J. Electrochem. Sci., Vol. 8, 2013 

  

9470 

From )(2  xx , )(2  yy  and )(2  zz  we have obtained the real parts of the three principal complex tensor 

components )(1  xx , )(1  yy  and )(1  zz  as shown in Fig.5d. We should emphasize that there is a 

considerable anisotropy between the three components.  The first peaks located at 4.5 eV show 

isotropy behavior between )(1  yy and )(1  zz components, whereas both of )(1  yy and )(1  zz exhibit 

anisotropy with )(1  xx component. In the energy range from 4.5 eV and above both of )(1  xx and 

)(1  zz components exhibits isotopic behaviors, except around 4.5 eV, between 6.5 and 7.0 eV and 7.0 

and 8.5 eV, and anisotropic behavior with )(1  yy component. The values of  )0(1

xx , )0(1

yy  and )0(1

zz  

are listed in Table 3.  

The calculated static components of refractive index )0(xxn , )0(yyn  and )0(zzn  having values 

1.36, 1.69, 1.47 satisfy the relation )0()0( 1n . The three non zero components of refractive index 

show maximum value at 4.8 eV.  In energy range (0-12) eV there is considerable anisotropy among 

)(xxn , )(yyn  and )(zzn . The two components )(xxn  and )(zzn shows weak isotropy at different 

ranges while )(yyn shows considerable anisotropy with  )(xxn  and )(zzn . From 12.0 to 13.0 eV the 

three components show isotropic behavior as illustrated in Fig.5e.  

The spectral components of absorption coefficient are shown the Fig.5(f). At the absorption 

edge there is clear isotopic behavior between )(xxI , )(yyI  and )(zzI  components. At energy range 

between 9.0 eV and 12.5 eV both )(xxI  and )(zzI  show isotropy where as )(yyI  show 

considerable anisotropy for the whole range. We note that )(yyI is more responsible to show 

maximum absorption around 8.0 eV.  

The spectral components of reflectivity )(xxR , )(yyR  and )(zzR are shown Fig.5g. There is 

considerable anisotropy among the components up to 9.6 eV. At energy range between 9.6 eV and 

12.5 eV there is isotropy between )(xxR  and )(zzR , while )(yyR  shows considerable anisotropy 

between )(xxR  and )(zzR . The spectral components of reflectivity show maximum reflectivity at 

8.0 eV. )(yyR  show dominancy in this range. 

 

 

 

4. CONCLUSION 

In this work a DFT study is performed for calculating the electronic and optical properties of 5-

azido-1H-tetrazole. The four approximations LDA, GGA-PBE, EVGGA and mBJ were used for 

exchange correlation potential to calculate the band structure, total and partial density of states which 

gives clear detail about the orbitals involved in bands formation. The mBJ scheme was selected for 

better band splitting. The calculated band structure shows that the compound is semiconductor having 

indirect  0A  band gap of 3.60 eV (LDA), 3.65 eV (GGA), 3.69 eV (EVGGA), and 4.43 eV 

(mBJ). The band gap’s values shows that the investigated compound is suitable for optoelectronic 

devices in far ultraviolet (UV-C) region. The calculated total valance charge density in  904  plane 

shows the covalent nature of the bond in 5-azido-1H-tetrazole molecule.  The plot of total valence 

charge density also gives an idea about the homodimers of 5-azido-1H-tetrazole molecules.  The 
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calculated bond length, bond angles and torsion angles of 5-azido-1H-tetrazole show close agreement 

with experimental results. The average value of real and imaginary part of dielectric function was 

calculated. The peaks in calculated spectra of )(2 
average

 shows transition of electron from occupied 

bands to unoccupied bands. The three principal spectral components of the three principal tensor 

components of )(2  , )(1  , )(n , )(I  and )(R  were investigated.  
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