substance: FgO4

property: defect equilibria

Fe30,4 is canmonly cation deficient and the deviation finstoichianetry can be very large (Figs. 1(a) and 1(b)).
Tracer diffusion expements [77D1] show that (d l0Dge/d log poy) is = 2/3 at high oxygen pressures and —
2/3 at low pressures. The equilibria involved are

213 Oy + 3FgLt = VFe,octt 2 Fect + 1/3 FeOy; [VEe,oc U p022/3; K2
Feoelt = VFe,octt Fe?* (] O p02_2/3, Ks.

At low oxygen pressures, diffusion is therefore by interstitials, and at high oxygen pressures by cation vacancies.
A more detailed analysis at highmperature (1308C) [77D2] indicates that a better fit to the data can be
obtained if the following equilibria hold

Faer®t + Fact” = Faelt + Faer?™; K= 1
VEe,octt Faer®t = VEe tetrt Feoth K=1.

From an analysis of the data of [77D2, 68S, 35G, 46D, 57S, 41S] vdlies024 andK3 = 108 at 1200C are
obtained; plot of IrK, vs. 1T: Fig. 1(b). This randm distribution of F&* on octahedral and tetrahedral sites is
also supported by theopowermeasurenents [70G] and by structural investigations [69K, 71W]. Originally,
only vacancies on the 16(d) sites of cation deficieaOgavere considered, since heating®gin air at 400C
for long periods led tg-Fe,0O3 (maghenite), which contains only such vacancies ordered in a ratimapler

way [58F, 61U]. By heating for very long periods [69K], or by heating in sulfur [69K, 71W] tetrahedral
vacancies were also found, cation vacancies being mapdastributed between tetrahedral and octahedral sites
according to Moessbauer evidence [71W].



References:

35G Greig, W., Posnjak, E., Merwin, N. E., Sosman, R. B.: Am. J. Sci. 30 (1935) 239.

41S Schmahl, N. G.: Z. Elektrochem. 47 (1941) 821.

46D Darken, L. S., Gurry, R. W.: J. Am. Chem. Soc. 68 (1946) 798.

57S Smiltens, J.: J. Am. Chem. Soc. 79 (1957) 4877.

58F Ferguson, G. A., Haas, M.: Phys. Rev. 112 (1958) 1130.

61U Ueda, R., Hasegawa, K.: J. Phys. Soc. Jpn. 17 (1961) Suppl. BIl 391.

68S Sockel, H. G., Schmalzried, H.: Ber. Bunsenges. 72 (1968) 745.

69K Kullerud, G., Donnay, C., Donnay, J. D. H.: Z. Kristallogr. 128 (1969) 1.

70G Griffith, B. A., Elwell, D., Parker, R.: Phil. Mag. 22 (1970) 163.

71W  Weber, H. P., Hafner, S. S.: Z. Kristallogr. 133 (1971) 327.

72K Kofstad, P.: Non-Stoichiometry, Diffusion and Transport in Transition Metal Oxides, New York: J.
Wiley, 1972.

77D1 Dieckmann, R., Schmalzried, H.: Ber. Bunsenges. 81 (1977) 344.

77D2 Dieckmann, R., Schmalzried, H.: Ber. Bunsenges. 81 (1977) 414.



Fig. 1.
Fe; ,O4. Composition parameter x vs. oxygen partial pressure at various temperatures (a) results from [72K] (b)
results from several authors ofkn (defined in text) vs. T/ collected by [77D2].
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