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Abstract

This article discusses the role of iron phosphide in the composition and structure of the earth's
core, which describes that nowadays, is well known that the Earth’s inner core is dominantly
composed of iron and a small fraction of nickel, with the presence of some light element. One of the
likely candidate light element for the inner core is phosphorus. Because of the difficulties of
experimental studies at high temperatures and pressures of the Earth's core, computer simulation
using modern quantum chemical methods is of particular relevance. Also in this work, using
quantum-chemical modeling from first principles within the framework of the density functional
methods considered the influence of magnetic moment on the equation of state P(V) for two structures
of iron phosphide Fe;P at zero temperature and pressures up to 200 GPa. It is shown that the behavior
of the function P(V) depends on the magnetic order and for each structure affects differently.

Keywords: Iron phosphide, Earth's core, first-principle calculations, quantum chemical
modeling, magnetic moment.
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AHHOTALUA

B nmanHOi craThe paccmaTpuBaeTcs poib docduma xKeleza B COCTaBe W CTPYKTYpE sapa
3emiid, B KOTOPO OMHUCKHIBACTCS, YTO B HACTOSIIIEE BPEMSI XOPOILIO U3BECTHO, YTO BHYTPEHHEE SIAPO
3eMITi COCTOWT MPEUMYIIIECTBEHHO U3 XKelle3a U HEOOIBIIOHN 10U HUKETIS, C HATHYHUEM HEKOTOPOTO
jerkoro sneMeHTa. OIHUM M3 BEPOSTHBIX JIETKUX AJIEMEHTOB JUIsi BHYTPEHHErO fAapa SBISETCS
dbocdop. YuuTsiBast TpyJHOCTH SKCIIEPUMEHTATBHBIX UCCIICOBAHUIN TP BHICOKUX TEMIIEpaTypax u
JaBICHUU sAapa 3€MIId, KOMIBIOTEPHOE MOJICIMPOBAHUE C HCIIOJIb30BAHUEM COBPEMEHHBIX
KBaHTOBO-XMMHUYECKUX METOJIOB MPHOOpeTaeT 0coOyI0 akTyalbHOCTh. Tak ke B JaHHOW paboTte ¢
MOMOUIbI0 KBAaHTOBO-XMMHMUYECKOTO MOJEIMPOBAHUS M3 MEPBbIX MPUHIMUIOB B paMKax METOJa
(yHKIIMOHANA TUIOTHOCTH PACCMOTPEHO BIUSHUE MArHUTHOTO VIOPSIOYCHHUS Ha ypaBHEHUE
cocrostaus P(V) mist iByx ctpyktyp docouna sxenesa Fe;P npu HyneBoii TemiiepaType 1 JaBJIeHUN
BIioTh g0 200I'TIa. ITokazano, uro moBexenue ¢ynkuuu P(V) 3aBHCHT OT ydeTra MarHUTHOTO
MOPSIIKA U JJI KXKJIOH CTPYKTYPBI BIUSET MIO-PA3HOMY.

Kurouessblie ciioBa: @ochua xenesa, sapo 3eMIId, MEPBONMPUHITUITHBIC PACUYEThI, KBAHTOBO-
XUMHUYECKOE MOJICIMPOBAHNE, MATHUTHBI MOMEHT.

Introduction

In recent years, the study of the composition of the Earth's core is still a relevant topic, which
is essential for understanding the processes taking place on our planet. The processes of global
differentiation and migration of matter in the earth's interior are associated with the problem,
including the composition and structure of the nucleus. Of course, for many years, research has been
carried out using high-precision geophysical measurements and various laboratory experiments at
pressures and temperatures of the core and the lower mantle of the Earth. However, questions
concerning the composition and structure of the core and lower mantle of the Earth remain far from
unambiguous solutions and require even more attention and research using a large amount of isotope-
geochemical and cosmochemical data.

The core of the Earth is the central and deepest part of our planet, located under the mantle of
the Earth. The estimated depth of 2900 km, and reaches the Core is about 32 mass%, and 16% of
Earth's volume and is responsible for the P-T parameters from 136 GPA and 3800-4200 K to 364
GPA and 5000-6000 K [1].

On the composition of the core, there are only indirect data obtained in different ways. Modern
experiments with shock compression of metals and their compounds, as well as the data of static
compression of these substances in heavy-duty diamond presses. Taking into account the data on the
prevalence of chemical elements in the Solar system and on Earth, allow us to assume with a high
degree of reliability that the Earth's core contains about 90% iron.

However, the outer core cannot consist only of pure iron and especially of its alloy with nickel,
since the density of iron and nickel-iron of meteorite composition at pressures prevailing in the Earth's
core is approximately 10—15% higher than the density of “nuclear” matter in the outer core Earth. It
follows that, in addition to iron, a “nuclear” substance should contain light additives, which somewhat
decrease the density of the substance. Among such additives is considered light elements like
hydrogen, oxygen, carbon, sulfur, silicon and phosphorus [2].

Because of the difficulty of conducting experimental studies at temperature and pressure
corresponding to the conditions of the Earth’s core, computer simulation using modern quantum-
chemical methods of the iron phosphides as essential components of the Earth’s core is of particular
relevance.

In this regard, it is necessary to note the calculations from first principles (Ab initio) for the
study of the composition and differentiation of planetary nuclei. Modeling using ab initio methods
helps to solve problems from the first fundamental principles without invoking additional empirical
assumptions, that is, by directly solving the equations of quantum mechanics.
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Research method
In this article, all calculations were carried out using quantum chemical modeling of the first
principles in the framework of the density functional method - using the basis of plane waves. The
simulation was carried out without taking into account the motion of atoms, that is, at zero
temperature (T=0). Both spin-polarized and non-magnetic moment calculations were performed. The
calculation parameters are as follows: the circumcision energy was 700 eV, the density of k-points
was - 0.2 A1, When modeling iron phosphide FesP, two structures of different symmetry were
chosen: 1-4 and Cmcm. Fe;P-1-4 - tetragonal symmetry, also known as schreibersite [3]. Fe;P-Cmcm
— recently found a new structure having rhombic polymorph [4].
Result of calculation
The results of the first-principle calculations of the equation of state for the structures Fe;P-
Cmcm and Fe;P-1-4 are shown in fig. 1-2. First of all, we constructed the equation of state P(V) for
our two structures. A comparison of the P(V) dependence behavior for the magnetic and non-magnetic
phases shows that for FesP-Cmcm structure the behavior of the equation of state is exceptionally
weakly dependent on taking into account the magnetic order in the system.
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Figure 1. The dependence of the volume (with and without allowance for the magnetic
moment) from the pressure for Fe; P-Cmcm
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At the same time, as can be seen from figure 2 for FesP-I-4 structure, the behavior of P(V) at
relatively low pressures below 60 GPa is very different for the magnetic and non-magnetic phases.
To explain this effect, the dependence of the magnetic moment on iron atoms as a function of pressure
is additionally considered. For the FesP-1-4 structure at relatively low pressures, more precisely below
40 GPa, the magnetic moment on iron atoms is several times greater than the similar value for the
FesP-Cmcm structure. In this case, for the FesP-1-4 phase, there is a sharp decrease in the magnetic
moment in the pressure range from 40 to 60 GPa, which coincides with the pressure range at which
the differences in the behavior of the P(V) functions for the magnetic and non-magnetic phases
disappear. At pressure from 60 GPa to 140 GPa, the value of the magnetic moment changes very little
and amounts to approximately 0.4 ug on the iron atom. In the case of FesP-Cmcm structure, the value
of the magnetic moment in the entire range of the considered pressures varies in the range 0.2-0.3 up
and the account of the magnetic ordering has practically no effect on the behavior of the equations of
state P(V).
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Figure 1. The dependence of the volume (with and without allowance for the magnetic

moment) from the pressure for FesP-1-4

Conclusions

The obtained results showed a strong influence of magnetic ordering on the behavior of the
equation of state of iron phosphide FesP I-4 in the pressure range below 60 GPa, where the magnetic
moment on iron atoms is significantly larger compared to the same value at higher pressures. For the
Fe3P-Cmcm structure, the influence of the magnetic moment on the P(V) function is much weaker,
which is associated with a much smaller magnitude of the magnetic moment in this phase and its
weak dependence on pressure. In the future, it is planned to construct the equation of state P(V)
depending on the temperature and phase stability diagrams of the various phases of the compounds
in the T-P plane.
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