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Spinel ferrites:

CoFe, O, (CFO) and NiFe, O, (NFO)

* Distorted fcc lattice of oxygen atoms with cations (Co#/Ni?,
Fe3*) in tetrahedral (T ) or octahedral (O,) sites

> ColNi (0,)

 Partially inverse cation distribution

= Co* or Ni** mostly in O, atomic sites

General formula: [Co, ,Fe,],[Co,Fe, ], O,

2]

A = inversion parameter

A =1 for inverse; A =0 for normal spinel
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Interests in electronic and spintronic

« Insulating and ferrimagnetic with high T_ NFO
Dey, et al., Phys. Rev. B 99 144412 (2019).
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Calculation methods

Ab initio DFT calculations: VASP code

E, functional: GGA-PBEsol

Hubbard U (on site interaction):

U,=U,=4¢eV,and U, =2.5¢eV

Supercell approach, using a cubic conventional cell of 8 f.u. (56 atoms)

Formation energy of vacancy M with charge state q :
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Cation ordering at O, sites (inverse spinels)
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* For most stable structures (AE < 0.3 eV), band gap variation < 0.5 eV

* Band gap v when stability \

* Most stable space group: 13-P2/c for CFO and 91-P4 22 for NFO (in agreement with Ref. Ivanov, et al., Phys. Rev.
B 82, 024104 (2010).)
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Electronic and magnetic properties of perfect inverse spinels

(P4.22)

* Calculated band gap: 1.09 eV (CFO) and 1.73 eV (NFO)

* Ferrimagnetic with an antiferromagnetic coupling between
cations in O_ and T, sites.

* Spin magnetic moments:
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Total magnetic moments (/ f.u.): M(CFO) = 3 p,, M(NFO) =2 p,
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Partial inversion in CFO: [Co, .Fe.]..[Co.Fe, .]
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Magnetic moment increases with decreasing A: +4 p_ per atom inversion (M = 0.125)

Higher A & Higher stability.

Inverse distribution more stable for NFO than CFO
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Co or O vacancy in CFO

« V% vacancy of atom M with charge state q:
V,,* < remove of 1 M atom + q electrons, e.g.:
V.2 < removal of 1 neutral O atom

V02+ < removal of 1 0% anion
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Co or O vacancy in CFO
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Co or O vacancy in CFO
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Conclusion and perspectives

* CFO is more likely to show partial inversion than NFO.
* Total spin magnetic moment:

* Increases when the inversion parameter decreases.
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Electronic vs atomic reconstructions
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