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Magnetite (Fe3O4) is a widely occurring mixed-valence iron
oxide with important industrial and natural applications. In this
talk we will compare the (nano)magnetite reactivity towards a
series of oxyanions, such as perchlorate (ClO4

-), Nitrate (NO3
-),

rhenate (ReO4
-), pertechnetate (TcO4 

-), chromate (CrO4
2-),

selenate (SeO4
2-), arsenate (AsO4

3-), antimonate (SbO4
3-) and

silicate (SiO4
4-). These systems were investigated by ourselves

and colleagues using wet chemistry, TEM microscopy,
Mössbauer1 and XAFS2 spectroscopy, and the results interpreted
at the light of magnetite surface chemistry, oxyanion symmetry
and atomic size and the indentity of reduced aqueous and solid
species (if any).

Monovalent Cl, N, Re oxyanion reactivity with magnetite is
usually very low, as their sorption is weak. The positive charge
development on magnetite – and thus possible electrostatic
interaction - occurs at low pH values where magnetite dissolves
extensively. An exception is pertechnetate, as a complete
reduction of Tc(VII) to Tc(IV) is observed, together with Tc
dimerization (at high loading) or Tc substitution for Fe at low
loading. This exception is questioning the often assumed
“analogy” between rhenate and pertechnetate. The surface
maghemite layer Fe substitution by oxyanion reduced species is
also observed in the case of chromate, where Fe and Cr form
nearly ideal solid solution maghemite, which may be non-
conductive. On the other hand, the +III reduced product of
antimonate (SbO4

3-) or arsenate (AsO4
3-) reaction with nano-

magnetite is found in both cases to be a highly symmetrical
tridentate surface complex formed at the position otherwise
occupied by tetrahedral Fe(III)2. Finally, selenate ions are
reduced, via selenite surface complexes to solid nanowire-shaped
solids, irrespective the co-adsorption of silicate oligomers. In
conclusion, the geometrical fit of the reduced species at - or in -
magnetite/maghemite and the possible surface precipitation of a
distinct phase dictate altogether the extent of the reductive
interactions of these oxyanions with magnetite.
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