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Abstract: Based on the crystal structure of spinel, we applied the thermodynamic ternary sublattices model to
investigate the site occupancy ordering behaviors of Zn*, Ni**, Mn** and Fe* on the 8a and 16d sublattices in the
ZnMn,_Fe,0, and Ni,Mn,_Fe,O, by combining thermodynamic calculations with first-principles calculations. Our
results suggest that in the manganese ferrites, Mn** occupies the 8a sublattice completely, and Fe** occupies the
16d sublattice at room temperature, which belongs to a normal spinel. The site configuration is (Fe**,uMn**,)
[Fe** :Mn?(]0,, when the ferrite is subjected to the heat treatment of 1 273 K. When the temperature increases
to 1 473 K, the site configuration is  (Fe*,;;Mn¥g)[Fe* oMn*;1]04 which agrees well with the available reliable
experimental results. In the zinc ferrites, Zn* occupies the 8a sublattice completely, and Fe* completely occupies
the 16d sublattice at room temperature. It also belongs to normal spinel, and the cations trend to exchange the

site occupancy each other at higher temperature. In the Ni ferrites, all Ni** occupies the 16d sublattice, and the
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Fe* cations occupy both the 8a and the 16d sublattices, which agrees with the experimental results. It belongs to

an inverse spinel. Then, the relationship between the occupancy behaviors and the composition, as well as the heat

treatment temperature in the ZnMn,_Fe,O, and Ni,Mn,_Fe,0, were established based on theoretically predictions.
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Red balls are oxygen anions; Mn* in the purple tetrahedral

interstices; Fe* in the yellow octahedral interstices
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Table 2 Site Occupation of ZnMn,_ Fe,O,

x(Zn) Temperature / K Tetrahedial Octahedral Method Resource
Zn Mn Fe Zn Mn Fe

0.00 1273 0.93 0.07 0.07 1.93 This work
1273 0.93 0.07 0.07 1.93 XAFS [23]
1473 091 0.09 0.09 191 This work
1473 0.89 0.11 0.11 1.89 Méssbauer [24]

0.25 1473 0.24 0.58 0.18 0.01 0.17 1.82 This work

0.50 1573 0.50 0.25 0.25 0 0.25 1.75 This work
1573 0.47 0.27 XRD [25]

0.75 1473 0.75 0.02 0.23 0 0.23 1.77 This work
1473 0.60 0.12 0.28 0.15 0.13 1.72 XRD [26]
1473 0.63 0.16 0.21 0.12 0.09 1.79 XRD [26]

1.00 773 0.99 0.01 0.01 1.99 This work
773 0.98 0.02 0.02 1.98 XRD [27]
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Table 3 Site occupation of Ni,Mn,_Fe,0O,

Tetrahedral Octahedral
x(Ni) Temperature / K N . e N . e Method Resource
0 1523 0.899 4 0.100 6 0.100 6 1.899 4 Caled. This work
1523 0 0.790 0 0.2100 0 0.210 0 1.790 0 XRD [12]
1523 0 0.764 9 0.235 1 0 0.235 1 1.764 9 Caled. [12]
0.125 1523 0.000 2 0.813 8 0.1859 0.124 8 0.061 2 1.814 1 Caled. This work
0.25 1523 0.000 6 0.723 4 0.276 0 0.249 4 0.026 6 1.723 8 Caled. This work
1523 0.005 0 0.667 5 0.327 5 0.2450 0.082 5 1.672 5 XRD [12]
1523 0 0.654 6 0.345 4 0.250 0 0.095 4 1.654 6 Caled. [12]
0.375 1523 0.001 2 0.614 9 0.383 9 0373 8 0.010 1 1.814 1 Caled. This work
0.5 1523 0.002 2 0.496 5 0.501 2 0.497 8 0.003 5 1.498 8 Caled. This work
1523 0.010 0 0.475 0 0.5150 0.490 0 0.0250 1.4850 XRD [12]
1523 0 0.475 0 0.525 0 0.500 0 0.0250 1.475 0 Caled. [12]
0.625 1523 0.004 1 0.373 9 0.622 1 0.124 8 0.061 2 1.814 1 Caled. This work
0.75 1523 0.007 0 0.249 7 0.743 4 0.743 0 0.000 3 1.256 6 Caled. This work
1523 0.002 0 0.242 5 0.750 7 0.748 0 0.002 5 1.249 5 XRD [12]
1523 0 0.246 0 0.754 0 0.750 0 0.004 0 1.246 0 Caled. [12]
0.875 1523 0.011 6 0.124 9 0.863 5 0.124 8 0.061 2 1.814 1 Caled. This work
1 1523 0.018 3 0 0.981 7 0.081 3 0 1.981 7 Caled. This work
1523 0 0 1 1 0 1 XRD [12]
1523 0 0 1 1 0 1 Caled. [12]
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