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ABSTRACT

An investigation on the phonon and thermodynamic properti i coducted using
the norm-conserving pseudopotential method, which i e srinci ;. functional perturbation
theory (DFPT) with local density approximatio . gested that the ZnNNis is
dynamically unstable, which is the characteri i Debye temperature and the
longitudinal and transverse sound veloc f our knowledge there are no
available data in literature for compariso results can be seen as a prediction for future

investigations.
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I. INTRODUCT

d that aims at identifying and characterizing relatively low

nominal state properties and order parameters symmetry. Since the

substitution [23-26] have also been carried out.

Recently, the discovery of a new carbon free superconductor ZnNNiz with T, ~ 3 K [27] has been synthesized, which
has been successfully prepared by reacting Zn with Ni powders in NH; gas [28]. To the best of our knowledge, this
is the only Ni-based nitrogen containing superconducting material and is now very intriguing. Further, very recently
a set of antiperovskite-like Ni-rich ternary nitrides MNNi; (M= Zn, Mg, Cd, Al, Ga, and In) has been synthesized
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and characterized by means of band structure calculations [28-37]. Also the optical and mechanical properties of

MNNi3 have been calculated theoretically [37].

In order to fully take advantages of the properties of ZnNNis;, a thorough investigation of its phonon and
thermodynamic properties is necessary. Further, understanding on the relationship between superconductivity and
ferromagnetism in Ni-based antiperovskite superconductor, it is necessary to synthesize as many as new materials.
The calculations of phonon and thermodynamic properties of solids, surfaces and nanocrystals play an important role
in the structural characterization of matter. As far as we know no attempt has been made to calculate the phonon and

thermodynamic properties of superconducting ZnNNis. In view of the above circumstances, we report a detailed

study of phonon and thermodynamic properties of superconducting ZnNNis.

I1. METHOD OF CALCULATIONS

The calculations are performed using the first-principle pseudopote

[38]. Atomic pseudopotentials are generated separately for i 25°2p®, and
3d%4s? atomic configuration respectively. A 4x4x4 M i sampling in the

cube.

I11. RESULTS AND DISCUSSION

3.1 Phonon properties

separated parts, a low frequency region with predominantly Zn and Ni

atom in high frequency region. So a clear gap is formed between them, as seen
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Fig. 1. Phonon dispersion curves of ZnNNis. Fig. 2. Total and partial phonon density of States of ZnNNis.
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In Fig. 2, total and partial phonon density of states (PPDOS) of ZnNNis is shown. We see that the top most region
about 623.5 cm™ consisting of three phonon branches are due to N atom vibrations, the middle and lower twelve
branches are due to Zn and Ni atom vibrations. It is well known that the nature of the phase transitions and the
dielectric and piezoelectric responses of a compound are determined from the unstable modes. Unstable mode is one,
which has negative frequencies, i.e. their dispersion is shown below the zero frequency line. In the present study, the
negative frequency is observed in ZnNNiz as shown in Fig. 1, which is the clear indication of the lattice dynamical
instability. Also it is seen from the PPDOS that the unstable mode arises due to the vibrations of Ni atom. While

such soft phonon modes are noted before on complex oxide ferroelectrics, such as Pb(Z ) )O3, BaTiO; and KNbO;

[39-41]. The present results show the similar behavior in comparison with the oxid

3.2 Thermodynamic properties

Structural phase transitions and thermodynamic properties in conde

an important role on applications, as well as in interdisciplinary e field of
thermodynamic properties of solids has been paid due to th and modeling
tools.

The Debye temperature is an important physical g ichi ) descri ent phenomena in solids
such as lattice vibration, elastic constant, spe mperature can be calculated

from the average sound velocity (v,), by the #

6 =2 [ (22) P vy - 1)

Where h is the Planck’s constant; .Boltzmann’s constant; N he Avogadro’s number; p is the density; M is

the molecular weight, and nis th

In table 1, Debye tem ure, longitudinal and transverse sound velocities are displayed. Unfortunately, as far as we
know, there are no experimental or theoretical data on these properties of ZnNNis. Future experiment will test our
results.
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Table 1: Bulk modulus (B), Shear modulus (G), Longitudinal sound velocity (v;), Transverse sound velocity (v;),

average sound velocity (v,,) and Debye temperature (65) of ZnNNis.

Parameter B G \ Vi Vi b
(GPa) (GPa) (ms™) (ms™) (ms™) (K)

Value 195.1 48.43 5853 2527 2855 384
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Petit. At lower temperatures the s become significant. The low temperature

behavior is described by the Ein ' ifi . The contribution of specific heat capacity from

compound. The spec is also calculated as a function of temperature. Since there are no experimental and

theoretical data avail for these quantities, we think that the ab initio theoretical estimation is only the reasonable
tool obtaining such important information. It is expected that our calculations should motivate experimental and

other theoretical study on this compound.
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