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Abstract: The structural, electronic and mechanical properties of TiN and TiN2 are investigated using density functional theory calculations with the 
generalized gradient (GGA) approximation. The lattice constants, cohesive energy, bulk modulus and the density of states are obtained. The calculated 
lattice parameters are in good agreement with the available results. The electronic structure reveals that these materials exhibit metallic behavior at am-
bient condition.  A pressure-induced structural phase transition from NaCl to ZB to WZ phase is observed in TiN whereas in TiN2, CaF2 to FeS2 to AlB2 
transition is predicted. The computed elastic constants indicate that these nitrides are mechanically stable at ambient pressure.   
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1 INTRODUCTION                                                                     
Recently, titanium nitride has attractive interests because of its 
simple structure and special properties such as high melting 
point, high hardness, high corrosion resistance, high specific 
strength, and high conductivity. TiN has been mainly applied 
in hard coatings [1] due to its exceptional combination of 
physical properties and chemical and metallurgical stability 
[2]. Many experimental and theoretical studies have been fo-
cused on the structural, mechanical, electronic, and optical 
properties of TiN [3-5]. Fernindez Guillermet et.al investigated 
the cohesive properties of 4d-transition-metal nitrides in the 
NaC1-type structure [6]. Grossman et.al [7] studied the trends 
in electronic and structural properties of TiN by ab-initio 
computational method. Stampfl et.al [8] investigated the elec-
tronic structure and physical properties of TiN using density 
functional theory. 
To the best of our knowledge, the structural, electronic and 
elastic properties of TiN2 are not yet reported. In the present 
paper, Structural, electronic and elastic properties of TiN and 
TiN2 are investigated using VASP code.   

2 COMPUTATIONAL DETAILS 
The total energy calculations are performed in the frame work 
of density functional theory using the generalized gradient 
approximation (GGA-PBE) as implemented in the VASP code 
[9]. Ground state geometries are determined by minimizing 
stresses and Hellman-Feynman forces using the conjugate-
gradient algorithm with force convergence less than 10-3 eV Å-1 
and the Brillouin zone integration is performed with a Gaussi-
an broadening of  0.1 eV. The cutoff energy for plane waves in 
our calculation is 400eV. The valence electronic  

 
 

configurations are Ti 3d2 4s2 and N 2s2 2p3 atoms. Brillouin 
zone integrations are performed on the Monkhorst-Pack K-
point mesh with a grid size of 12x12x12 (TiN) and 8x8x8 
(TiN2) for structural optimization and the total energy calcula-
tion. 

3 RESULTS AND DISCUSSION 

3.1 Structural Properties 
The structural stability of TiN and TiN2 is analyzed by calcu-
lating the total energy using VASP code based on density 
functional theory. The calculated ground state properties like 
lattice constants a,c (Ǻ), cell volume V0 (Ǻ3), valence electron 
density ρ(electrons/ Ǻ3), cohesive energy (eV), bulk modulus 
B0 (GPa)  and its derivative B0' for TiN and TiN2 with consid-
ered phases are listed in Table 1 and is compared with the ex-
perimental [10-12] and other available theoretical data [13-17].  
From Table 1, it is found that the calculated equilibrium lattice 
constant and bulk modulus are in good agreement with the 
experimental and other available theoretical results. It is also 
observed that, for TiN, cubic-NaCl phase owing to its highest 
cohesive energy, it is the most stable one among the consid-
ered phases. For TiN2, it is found that, CaF2 phase is the most 
stable one.  The total energy vs reduced volume plot for TiN 
and TiN2 is given in Fig.1 (a-b) respectively. From Fig.1 (a-b), 
it is noted that TiN is stable in NaCl phase, whereas TiN2 is 
stable in CaF2 phase. On further reducing the volume, a se-
quence of structural phase transition occurs from 
NaClZBWZ in TiN and CaF2FeS2AlB2 in TiN2.  
In order to determine transition pressure, the enthalpy is cal-
culated using the formula  
H=E+PV                                                                  
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TABLE 1 
CALCULATED LATTICE PARAMETERS A,C (Å), VALENCE ELECTRON DENSITY VED  (ELECTRONS/ Å3), COHESIVE ENER-

GY ECOH (EV) BULK MODULUS B0 AND ITS DERIVATIVE B0' FOR THE TIN AND TIN2 FOR POSSIBLE STRUCTURES. 
                                 TiN TiN2 

 NaCl CsCl ZB WZ CaF2 FeS2 AlB2 

a 
 

4.259 
4.25 [10] 
4.241[11] 
4.24 [12] 
4.251[13] 
4.26 [14] 
4.247[15] 
4.261[16] 

2.637 
 

4.62 
 

2.555 
 

4.912 
 

3.85 
 

2.888 
 

c    4.215   4.7652 
V0 19.313 21.38 24.51 23.97 29.63 28.53 34.15 

VED 0.465 0.420 0.367 0.376 0.472 0.491 0.409 

Ecoh 13.3304 11.64
6 

12.434 7.368 17.090 14.8245 11.2154 

B0 308 
320[17] 

305 
 

306 
 

287 181 142 177 

B0' 4.98 4.88 4.61 4.52 4.10 3.92 3.95 

 

               
                             

                 

 

Fig. 1(a-b). Total energy (in eV) versus reduced volume (V/V0) of 
TiN and TiN2. 

 

 

 

Fig.2 (a-b). Enthalpy (in eV) versus Pressure (GPa) of TiN 
and TiN2. 
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The transition pressure (PT) value is determined from the in-
tersection of enthalpy versus pressure curve and is presented 
in Fig. 2 (a-b).  For TiN, it is found that the transition pressure 
for NaCl to ZB is 123 GPa and ZB to WZ is 241 GPa. In TiN2, 
PT value for CaF2 to FeS2 transition is 168 GPa and FeS2 to 
AlB2 is 212 GPa. 

3.2 Electronic Properties 
The total density of states (DOS) of TiN and TiN2 at normal 
pressure are shown in Fig.3 (a-b). The peak due to 2s state 
electrons of the nitrogen atom present at the energy range of ~ 
-10eV for TiN, doubles for TiN2 due to two nitrogen atoms. 
The d state electrons of the Ti atom and the N-2p state elec-
trons contribute to the highest spike just below the Fermi lev-
el, indicating that the Ti-d states intensively hybridize with the 
N-2p states. Above the Fermi level the peaks are due to   Ti-p, 
Ti-d states and N-d states.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 
 
 
 
 
 
 
 
 
 

The covalent characteristics between titanium and N atoms 
can be confirmed by the charge density distribution. The 
charge density distribution for TiN and TiN2 at normal pres-
sure is shown in Figure 4(a-b).  It is clearly seen that charge 
strongly accumulates between Ti and N atoms, which means 
that a strong directional bonding exists between them. The 
bonding nature of these materials is found to be covalent-like 
due to the hybridization of N and Ti atoms, but there is also 
some ionic character with electron transfer from the titanium 
to nitrogen atoms. Thus, our results demonstrate that the 
bonding is a mixture of covalent and ionic attribution. 

 

 

 

 

 

 

 

3.3 Elastic Properties 
In order to calculate the elastic constants of a struc-

ture, a small strain is applied on to the structure and its stress 
is determined. The energy of a strained system [18] can be ex-
pressed in terms of the elastic constants Cij as: 
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where V0 is the volume of the unstrained lattice, E0 is the total 
minimum energy at this unstrained volume of the crystal, 
P(V0) is the pressure of the unstrained lattice, and V is the new 
volume of the lattice due to strain tensor. The elasticity tensor 
has three independent components (C11, C12, C44) for cubic 
crystals and five (C11, C12, C44, C13, C33) for hexagonal crystals. 
The calculated elastic constants Cij(GPa),Young’s modulus 
E(GPa), shear modulus G(GPa),  and Poisson’s ratio (ν) are 
presented in Table 2. From tabulated values, it is found that 
the calculated elastic constants are in agreement with the ex-
perimental [19, 20] and other available theoretical data [21, 6]. 
For a stable cubic structure, the three independent elastic con-
stants Cij (C11, C12, C44 ) should satisfy the  Born-Huang criteria 
for the stability of cubic crystals [22]. It is seen that, the calcu-
lated elastic constants of TiN and TiN2 satisfy Born-Huang  

 
Fig.3 (a-b) Total density of states (DOS) of TiN and TiN2 at   

normal pressure. 
 

 
Fig.4 (a-b) Charge density distribution of TiN and TiN2 at normal 

pressure. 
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criteria, suggesting that they are mechanically stable. The 
young’s modulus [23] is higher for TiN than TiN2. Hence, TiN 
is the stiffer than TiN2.  

4 CONCLUSION 
The structural, electronic and elastic properties of TiN and 
TiN2 are investigated. The computed equilibrium lattice pa-
rameters and bulk modulus values are consistent with the 
experimental and other available theoretical results. TiN is 
found to be stable in the NaCl phase whereas TiN2 is stable in 
CaF2 phase at ambient pressure. A sequence of pressure-
induced structural phase transition occurs from 
NaClZBWZ in TiN and CaF2FeS2AlB2. The density of 
states of TiN and TiN2 confirm their metallic nature. The cal-
culated elastic constants obey the necessary mechanical stabil-
ity conditions suggesting that they are mechanically stable at 
ambient pressure and TiN is found to be the hardest material. 
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TABLE 2 
CALCULATED ELASTIC CONSTANTS  C11 ,C12 , C44 (GPA), YOUNG’S MODULUS E (GPA),SHEAR MODULUS G(GPA), 

B/G RATIO, ANISOTROPIC FACTOR AND (A) POISSON’S RATIO FOR THE TIN AND TIN2 FOR STABLE PHASE. 

 C11 C12 C44 E G ν B/G A 
TiN 568 

631[19, 20] 
598 [21] 
610 [6] 

179 
171 [19, 20] 
154 [21] 
100 [6] 

109 
170 [19, 20] 
168 [21] 
168 [6] 

371 143 0.298 2.15 0.56 

TiN2 248 98 106 239 94 0.278 1.92 1.41 
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