
JOURNAL OF NANO- AND ELECTRONIC PHYSICS ЖУРНАЛ НАНО- ТА ЕЛЕКТРОННОЇ ФІЗИКИ 

Vol. 12 No 1, 01021(6pp) (2020) Том 12 № 1, 01021(6cc) (2020) 

 

 

2077-6772/2020/12(1)01021(6) 01021-1  2020 Sumy State University 

Electronic Properties of Tetrataenite L10 FeNi at Earth’s Core Conditions 
 

N.Y. Pandya1,*, Adwait D. Mevada2, P.N. Gajjar3,† 
 

1 Parul University, P.O. Limda, Ta. Waghodia, Vadodara, 391760 Gujarat, India 
2 President Science College, Ghatlodia, Ahmedabad, 380061 Gujarat, India 

3 Department of Physics, University School of Sciences, Gujarat University, Ahmedabad, 380009 Gujarat, India 

 
(Received 18 November 2019; revised manuscript received 15 February 2020; published online 25 February 2020) 

 
Physics of Earth’s core is crucial to give insight into the origin and behavior of the Earth and other ter-

restrial planets. In order to interpret the behavior of tetrataenite L10 FeNi at Earth’s inner core boundary 

and Earth’s center conditions, we report electronic properties namely electronic charge density and Fermi 

surface of tetrataenite L10 FeNi using the first-principles plane wave self-consistent method under the 

framework of density functional theory. For structural and electronic properties of tetrataenite L10 FeNi at 

the Earth’s core conditions, we used spin polarization and ultrasoft pseudopotential with the exchange cor-

relation of Perdew-Burke-Ernzerhof (PBE). Variable cell optimization (VC-relax) calculation using 

Wentzcovitch dynamics as implemented in Quantum ESPRESSO code is used for estimating equilibrium 

lattice constant of tetrataenite phase of L10 FeNi at 0 K. Bonding character between Fe-Fe, Ni-Ni and Fe-

Ni metal atoms is discussed at 0 K and extreme Earth’s core conditions. The complicated shape of compre-

hensive Fermi surface is observed which occurred from the merging of all individual Fermi surfaces due to 

corresponding band crossing at Fermi level EF in the electronic band structure. Relation between crossing 

of each band in the electronic band structure with high symmetrical points of the Brillouin zone and the 

corresponding shape of Fermi surfaces are discussed. Conclusions based on the electronic charge density 

plot and Fermi surface topology of tetrataenite L10 FeNi at Earth’s core conditions are summarized. 
 

Keywords: Tetrataenite, L10 FeNi, Earth’s core, Electronic charge density, Fermi surface, DFT. 
 

DOI: 10.21272/jnep.12(1).01021 PACS numbers: 71.18. + y, 71.15.Mb, 91.35.Ed. 

 

 

                                                             
*nirav_physics85@yahoo.com 
† pngajjar@gujaratuniversity.ac.in 

1. INTRODUCTION 
 

Deep-rooted discussion has perpetuated regarding 

the nature of the Earth’s inner core including its age, 

composition of its structure and its dynamic behavior at 

high pressure and high temperature [1]. The precise 

structure and composition of the Earth’s core is still in 

discussion [2]. Understanding of the core composition 

and structure is crucial to interpret the seismic data 

and build a geophysical model [3]. Generally Fe is the 

primary component of the Earth’s inner core, but cos-

mochemical model and meteorites also suggested the 

existence of some Ni [2] in the inner core of the Earth. 

Additional to light elements, the major alloying element 

in the Earth’s inner core is nickel and it is familiar that 

the inner core of the Earth is composed of Fe with 5-

15 wt. % Ni content. Thus, the addition of impurities 

like Ni is an important factor to modify the phase stabil-

ity and elastic properties of Fe [4]. Abundant research 

has been done on Fe-Ni alloys at Earth’s core conditions 

which accord varying results [1-7]. Static Diamond An-

vil Cell (DAC) experiments with 10 wt. % Ni in Fe have 

presumed only the hcp structure up to 340 GPa and 

4700 K [5, 6]. Experimental studies with different con-

centrations of Ni (15, 25 and 32.5 wt. %) favour the fcc 

structure of Ni, even though light conditions (25 GPa, 

room temperature) were used [7]. The inclination to-

wards increasing fcc stability with increasing Ni is also 

reported in quasi-harmonic study on Fe-Ni alloys [2] 

whereas classical molecular dynamics simulations of 

Fe-Ni alloys at 6600 K presume that Ni will destabilize 

the fcc structure with respect to the hcp at 360 GPa [3]. 

It has been also observed that Ni has minor effect on 

the elastic properties of Fe and stabilizes the fcc struc-

ture up to about 7000 K [4]. Reaman [1] has fixed an 

equation of state of a planetary-core representative 

Fe64Ni36 (36 wt. % Ni) alloy to 95 GPa and ~ 3000 K, 

and also predicted that increase in Ni content relative 

to the estimated abundance in the inner core yields an 

evaluative study on the effects of increasing Ni propor-

tion on the equation of state of FeNi alloys. The instabil-

ity of Fe3Ni with small tetragonal distortions, the Invar 

behavior, and the LM (low moment) ↔ HM (high mo-

ment) transitions are relevant to the intricate balance of 

charge distribution and magnetic order from d-orbital of 

Fe3Ni possessing different bonding character [8]. This 

feature has stimulated us to not restrict our study only 

up to phonon dispersion and electronic band structure 

[9] of invar alloys but to enlarge it by exploring the elec-

tronic charge density plot. The pitch of oscillations 

(along pz) in the anisotropies of the Compton profiles of 

transition metals is controlled by the Fermi surface to-

pology. In addition, it is well-known that shape and 

volume of the Fermi surface reflect the electrical prop-

erties of metals. Such factors have inspired us to inves-

tigate the Fermi surface topology of various Fe-Ni invar 

alloys using first principles calculations. Gruner et al. 

[10] have studied the spin-polarized minority spin Fer-

mi surface of Fe3Ni and concluded that the Kohn anom-

aly is responsible for the low temperature structural 

changes in the ordered alloys. Prompting from the work 

of Gruner et al. [10] and Reaman [1] and thereby 

providing innate knowledge into the behavior of Fe-Ni 

alloys at higher pressures and temperatures with appli-
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