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Abstract 

The structural and elastic properties of ytterbium nitride (YbN) with NaCl structure have been investigated by 
using an improved interaction potential model (IIPM). The compound YbN found to undergo from their initial 
NaCl (B1) phase to body centered tetragonal (BCT) phase at high pressure. The phase transition pressures and 
associated volume collapses obtained from the potential model developed here show a generally better 
agreement with available experimental data then others available in the literature. The elastic constants are also 
reported. This shows that the inclusion of three-body interaction and polarizability effect makes the present 
model suitable for high pressure studies. 
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1. Introduction 

The transition metal nitrides are valuable for several technological applications. Because of their great strength 
and durability their long established use is as protective coatings [1].The rare- earth pnictides generally have low 
carrier, strongly correlated systems and they show dense Kondo behavior and heavy fermion state[2,3]. The 
silent feature of ytterbium nitride is that it is self-compensated semimetal.  Ytterbium nitride is found to have 
six- fold coordinated rock salt structure (Yb: 0,0,0; N : 1/2,1/2,1/2; space group Fm-3m under ambient 
conditions. Because of these interesting properties, the high pressure structural behavior of binary rare-earth 
compounds is of current interest in condensed matter research. The YbN ion is predominantly trivalent with one 
4f holes. The structural properties of YbN at normal high pressure have been computed by employing full 
potential augmented plane wave+local orbital (FP-APW+lo) method within the GGA using the WIEN2K code 
by Singh et al [4]. 

Several pressure-induced valence and structural phase transition have been found experimentally in the REN [5–
11]. These compounds possess partially filled f-electron orbital, which are highly delocalized under pressure. In 
this regard many theoretical [12] as well as experimental [13] researches have been carried out to understand the 
role of f-electrons particularly under pressure.  

We have applied the improved interaction potential model (IIPM) to the present compound to study the high 
pressure phase transition and volume collapse. The need of inclusion of three-body interaction forces was 
emphasized by many workers for the betterment of results [14–16]. This IIPM model consists of long-range 
Coulomb energy, three body interactions corresponding to the nearest neighbour separation, effect of electronic 
polarizability, and energy due to the overlap repulsion represented by Hafemiester and Flygare (HF) [17] type 
potential and extended up to the second-neighbour ions. We refer to the work of Kumar et al. [18] who properly 
incorporated polarizability effect to reveal the cohesion in several alkali halides, which are generally ignored in 
the first principle calculation. The importance of inclusion of short range(SR) interaction and electronic 
polarizability has been established in our work.  

 

2. Method of Calculation 

It is well known that the application of pressure on crystals results a change in its volume that leads to an 
increased charge transfer (or three-body interaction effects) due to the deformation of the overlapping electron 
shells of the adjacent ions. The three body interaction arises during lattice vibrations when electron shells of 
neighboring ions overlap. This overlapping leads to the transfer of charge which interacts with other charges and 
many body interaction (MBI) takes place, the dominant part of which is the three body interaction. This 
interaction becomes more important due to the decrease in inter ionic spacing of the lattice crystal when pressure 
gets increased and when anions experience sufficient overlap. Besides, both an enhancement in overlap energy 
and the transferred charge due to the overlap in electron shells modify the ionic charge, which in its turns 
modifies the Coulomb energy. The expression for the modified Coulomb energy due to three body interaction 
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(TBI) is 

Φm(r0) = Φc + ΦT                                                                                      (1) 

Φm(r0) = [-αMZ2e2/ r] [1+(2n/Z) f(r0)]                                                      (2)                                            

 

Here αM is the Madelung constant (for NaCl and for CsCl structure solids), r0 is the equilibrium nearest neighbor 
(nn) ion separation, n is the number of nearest neighbor (nn), and f(r) is the TBI parameter which is dependent 
on the nearest neighbor distance (r) as 

f(r) = f0 exp (-r/ρ)                                                                                   (3) 

 

These effects have been incorporated in the Gibbs free energy (G=U+PV-TS) as a function of pressure (P). Here, 
U is the internal energy, which at T= 0 K is equivalent to the lattice energy and S is the vibrational entropy at 
absolute temperature T. Since theoretical calculations are done at T= 0 K, the Gibbs’s free energy is equivalent to 
enthalpy. At T= 0 K and pressure P, the Gibbs free energies for rock salt (B1, real) and body centered tetragonal 
(BCT) structures are given by 

GB1(r) = UB1(r) + PVB1                                                                                                             (4) 

GBCT (r′) = UBCT (r′) +PVBCT                                                                                                  (5)      

with VB1 and VBCT as the unit cell volumes for B1 and BCT phases, respectively. The first terms in the energies 
Eq. (4) and (5) are lattice energies for B1 and BCT structures and they are expressed as: 

UB1(r) = [-(αmz2e2)/r] – [(12αmz e2 f(r))/r] + (e2
αe)/ r

4 + 6bβij exp[(ri + rj – r)/ρ] + 6b βiiexp[(2ri – 1.41r)/ρ +         

       6bβjjexp[2rj – 1.41r)/ρ]                                                                   (6)                                                                        

UBCT (r′) = [-(α′mz2 e2/r′)] – [(16α′mze2 f(r′))/r′]+ (e2
αe)/ r

4 + 8bβijexp [(ri + rj –r′)/ρ] + 2bβii exp [(2ri – r′)/ρ] +  

         bβiiexp[(2ri – r″)/ρ] + 2b βjj exp [(2rj –  r′)/ρ] + bβjjexp[(2rj –  r″)/ρ]                   (7)                                            

 

Here, ze is the ionic charge, ri (rj) is the ionic radii of i(j) ions, ρ is the range parameter, b is the hardness 
parameter, f(r) is the three body interaction parameter, r is nearest neighbor (nn) separation for NaCl phase and r′ 
is the nearest neighbour distances corresponding to lattice parameters a and c in tetragonal structure and βij is the 
Pauling coefficients defined as 

 

 

 

where,  zi (  zj ) and ni (  nj ) denote the valence and number of electrons in the outermost orbit of cations 
(anions). These lattice energies consist of long-range Coulomb energy (first term), three body interactions 
(second term), the electronic polarizability (third term) and the short range overlap repulsive interaction (fourth 
term).  

To calculate these parameters, we have employed the following equilibrium conditions. 

[dU / dr ]r = ro = 0 and [ d2 U / dr2 ] = 9k r0 BT                                    (8) 

 

3. Result and discussion 

Using the measured values of the equilibrium lattice constant (r0) and bulk modulus (BT) with K=2 for B1 phase, 
the model parameters thus calculated are given in Table 1 and are used to compute the results presented and 
discussed below. For simplicity, we have taken account of only a single set [ρ, b, f(r)] in B1–phase and the same 
set is used in BCT phase. The reason for this is that during the phase transition from B1→BCT the atomic 
distribution takes a different arrangement and they get arranged in BCT structure after phase transition. Inter-
ionic separation changes are calculated by the minimization technique. The parameter f(r) is inter-ionic 
separation (r) dependent and it is therefore changed accordingly. We have followed the technique of 
minimization of UB1(r) and UBCT (r’) at different pressures in order to obtain their inter ionic separations r and r′ 
corresponding to B1 and BCT phases. 
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TABLE I 
 INPUT PARAMETERS AND MODEL PARAMETERS 

 

a. Ref. [3] 

 

First, we have evaluated the corresponding Gibbs free energies GB1(r) and GBCT(r′) and their respective 
differences ∆G =(GBCT(r′) - GB1(r)). The phase transition pressure (Pt) is the pressure at which ∆G approaches 
zero. At this pressure both the phases coexist. ∆G is an important factor in deciding the relative stability of 
phases. After phase transition the system becomes stable in BCT phase. We have plotted ∆G against pressure (P), 
as shown in Fig. 1. We have also computed the associated relative volume changes Vp/Vo which are shown in 
Table 2. and plotted them against the pressure as depicted in Fig. 2. It is clear from Fig. 2 that phase transition 
B1→ BCT occurs at about 82GPa for YbN, and the calculated volume collapse using IIPM model is 4.3% for 
YbN. These are close to theoretical values. 

 

 
 

 
Fig.1 Variation of ∆G with Pressure   Fig.2 Variation of Volume change Vp/V0 with Pressure 

 
TABLE II 

CALCULATED TRANSITION PRESSURES AND VOLUME COLLAPSES 

 

Compounds Transition Phase Transition 

Pressure (GPa) 

Relative Volume 

change % 

YbN B1― BCT 82 present 
79.56othera 

4.3 present 
 

a. [19] 
 

4. Conclusion 

In summary, we have applied to extend improved interaction potential model (IIPM) to investigate the structural 
and elastic properties ytterbium mononitride. The results are summarized as follows: 
I. The ytterbium mononitride crystallize in NaCl type (B1) structure at ambient conditions and under pressure; 

they transform into body centred tetragonal type (BCT) structure. 
II. High pressure study of YbN compound is carried out theoretically. The pressure induced structural phase 

transition from B1 to BCT is predicted and compared with the experimental and other available theoretical 
results. 

III. During the phase transition from B1 to BCT, the volume discontinuity in pressure volume phase diagram 
identifies the occurrence of first order phase transition. 
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