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Abstract. In this paper, we used the first principles (CASTEP) method to calculate the electronic
properties ferropericlase (Mg0.9375Fe0.06250) under 0 and 80 GPA. The calculated band gaps
show that ferropericlase is a metal under 0 GPA, while it is a narrow-band semiconductor at 80 GPA.
The ferropericlase at 0 GPA has some magnetic moment, while it has no moment at 80 GPA. The
relations between band and Mg 2p, 2s Fe 3d and O 2s, 2p versus DOS have been discussed. We also
find the ferropericlase exhibits metal behavior at some energies. Our calculations not only provide a
reference to identify the ferropericlase in geological specimen but stimulate experiments in future.

Introduction

Ferropericlase is an important mineral in the mantle [1-4]. Ferropericlase is under high pressure in the
mantle [5, 6]. The electronic properties of ferropericlase should be studied to identify the behavior of
ferropericlase in the mantle. The properties can also be used to identify ferropericlase in geological
specimen. Based on the reasons, more and more experts devote to studying ferropericlase under
pressure [7-9]. Some experts used the high-pressure equipments [10, 11], which have high running
costs. On the other hand, stimulations by computer provide a cheap and fast method to study the
properties of ferropericlase.

Among these stimulate method, the first principles method is an effective method to study the
properties of materials under pressure [12-14]. In this paper, we intend to study the electronic
properties of ferropericlase under pressure.

Computational details

Our calculations have been performed in a program (CASTEP) in Materials Studio software [15]. We
first built an Mgo.9375F€0.06250 supercell (Fig. 1). The obtained iron content is 6.25%, which is a
typical value of ferropericlase. The used pressures are 0 and 80 GPa, which is a typical pressure in the
mantle. After test, we used 400 eV as the cutoff energy. The k points for first Brillouin zone used in
our calculations is 3x3x6. The valence electrons used in our calculations are 2p°3s?, 2d°4s® and
2s%2p* for Mg, Fe and O, respectively. Ultrasoft pseudopotential was used in our calculations. Our
calculations were performed in a reciprocal space. The tolerance of the SCF is 5™ eV/atom. We first
optimized the structure and then calculated the electronic properties.

Results and discussions

Structure and bands. The optimized lattice constants of Mgo.9375F€0.06250 under 0 GPA is a=b=4.31
and c=4.27 A, while the constants under 80 GPA is a=b=3.88 and ¢=3.88 A. We can see that the
pressure decreases the lattice constants. The decreased ratios of a (b) and ¢ are 10.0% and 9.1%. The
constants in MgO are equal to each other. After Fe doping, the constant is not equal. The rate of the
decreasing is not equal to each other. Pressure induces the constants equal to each other. The lattice
constants a, b and c are not equal under 0 GPa, while these constants equal to each other under 80 GPa.
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Cell angles (a, f and y) are all 90°. The pressure can change the lattice constants but cannot change
the cell angels.
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Fig. 2. Bands of Mg0.975Fe0.6250 under 0 GPa (left) and 80 GPa (right).

Density of states. Fig. 3. The density of states (DOS) of Mg0.975Fe0.6250 under 0 GPA (left)
and 80 GPA (right).The density of states (DOS) relate closely to study the band. In this section, we
calculated the DOS and discuss the relation between DOS and band. The calculated DOS shows of
Fig. 3. The left of Fig. 3 (Mgo.g7sFe0.6250 under 0 GPa) shows there is a net magnetic moment around
the Fermi level, which means Mgo.¢75F€0.6250 under O GPa is a magnetic material. The DOS above
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the Fermi level come from Mg 2p state. The DOS around -5.4 eV mainly come from O 2p state, while
the DOS around -19.0 come from the O 2s state. In the deep energy around -42.3 eV, the DOS come
from the Mg 2s state.
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Fig. 3. The density of states (DOS) of Mgo.g75F€0.6250 under 0 GPa (left) and 80 GPa (right).

In this paragraph, we will discuss the right of Fig. 3 (Mgo.975F€0.6250 under 80 GPA). The right of
Fig. 3 also shows the DOS around the Fermi level come from Fe 3d state. The DOS above the Fermi
level come from Mg 2p state. The DOS around -6.0 eV come from the O 2p state, while the DOS
around -20.1 eV come from the O 2s state. In the deep energy, the DOS at -41.3 eV come from Mg 2s
state. We should notice that the DOS (spin up and down) of Fe 3d state around the Fermi level is
nearly equal, which means that the Mg .975Fe0.6250 under 80 GPa has no magnetic moment.

Conclusions

In this paper, we study the electronic properties of ferropericlase under pressure. The calculated band
gap shows ferropericlase at 0 GPa is a metal, while ferropericlase at 80 GPa is a narrow-band
semiconductor (band gap is 0.5 eV). The DOS under pressure has been calculated and the relation
between the DOS and band has been discussed. The relations between DOS and Fe 3d, O 2s, 2p and
Mg 2s, 2p have been studied. Our study can be used to identify the ferropericlase specimen and some
geological process. We also can stimulate some related experiments.

732



Acknowledgments
The Project was supported by the National Natural Science Foundation of China (41402034).

Reference

[1] B. Harte, Diamond formation in the deep mantle: the record of mineral inclusions and their
distribution in relation to mantle dehydration zones, Mineral. Mag. 74 (2010) p. 189-215.

[2] F. Kaminsky, Mineralogy of the lower mantle: A review of 'super-deep' mineral inclusions in
diamond, Earth —Sci. Rev. 110 (2012) p. 127-147.

[3] F. Cammarano, H. Marquardt, S. Speziale, P.J. Tackley, Role of iron-spin transition in
ferropericlase on seismic interpretation: A broad thermochemical transition in the mid mantle?,
Geophys. Res. Lett. 37 (2010) L03308.

[4] GM. Manthilake, N. de Koker, D.J. Frost, C.A. McCammon, Lattice thermal conductivity of
lower mantle minerals and heat flux from Earth's core, P. N. A. S. 108 (2011) 17901-17904.

[5] A.F. Goncharov, V.V. Struzhkin, J.A. Montoya, S. Kharlamova, R. Kundargi, J. Siebert, J. Badro,
D. Antonangeli, F.J. Ryerson, W. Mao, Effect of composition, structure, and spin state on the thermal
conductivity of the Earth's lower mantle, Phys. Earth Planet In. 180 (2010) 148-153.

[6] T. Irifune, T. Shinmei, C.A. McCammon, N. Miyajima, D.C. Rubie, D.J. Frost, Iron Partitioning
and Density Changes of Pyrolite in Earth's Lower Mantle, Science 327 (2010) 193-195.

[7] Z. Wu, R.M. Wentzcovitch, Spin crossover in ferropericlase and velocity heterogeneities in the
lower mantle, P. N. A. S. 111 (2014) 10468-10472.

[8] Y.-X. Yao, Y. Sun, H.-Z. Wang, Y.-F. Li, Chemical State, Site, Solid Solubility, and Magnetism of
Fe in the Ferropericlase (Mgl-x Fe (x) )O Produced by Ball Milling of MgO and Fe, Metall. Mater.
Trans. A 44A (2013) 4551-4557.

[9] T. Komabayashi, K. Hirose, Y. Nagaya, E. Sugimura, Y. Ohishi, High-temperature compression of
ferropericlase and the effect of temperature on iron spin transition, Earth Planet. Sci. Lett. 297 (2010)
691-699.

[10] D. Bermudez-Aguirre, G.V. Barbosa-Canovas, An Update on High Hydrostatic Pressure, from
the Laboratory to Industrial Applications, Food Engineering Reviews, 3 (2011) 44-61.

[11] J.M.S. Fonseca, R. Dohrn, S. Peper, High-pressure fluid-phase equilibria: Experimental methods
and systems investigated (2005-2008), Fluid Phase Equilib. 300 (2011) 1-69.

[12] M.A. Caravaca, L.E. Kosteski, J.C. Mino, R.B. D'Ambra, B. Uberti, R.A. Casali, Model for
Vickers microhardness prediction applied to SnO; and TiO; in the normal and high pressure phases, J.
Eur. Ceram. Soc. 34 (2014) 3791-3800.

[13] X.-K. Liu, W. Zhou, Z. Zheng, S.-M. Peng, The elastic and thermodynamic properties of ZrMo2
from first principles calculations, J. Alloys Compd. 615 (2014) 975-982.

[14] L.-W. Ruan, G.-S. Xu, H.-Y. Chen, Y.-P. Yuan, X. Jiang, Y.-X. Lu, Y.-J. Zhu, The elastic behavior
of dense C3N4 under high pressure: First-principles calculations, J. Phys. Chem. Solids 75 (2014)
1324-1333.

[15] S.J. Clark, M.D. Segall, C.J. Pickard, P.J. Hasnip, M.J. Probert, K. Refson, M.C. Payne, First
principles methods using CASTEP, Z. Kristallogr. 220 (2005) 567-570.

733





