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Phase Transition in FexCo3−xO4 Thin Films
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Phase transition from normal- to inverse-spinel structure has been observed for FexCo3−xO4 thin films as the Fe
composition (x) increases from 0 to 2. The samples were fabricated as thin films by sol-gel method on Si(100)
substrates. X-ray diffraction measurements revealed a coexistence of two phases, normal and inverse spinel, for
0.76≤x≤0.93. The normal-spinel phase is dominant for x≤0.55 while the inverse-spinel phase for x≥1.22. The
cubic lattice constant of the inverse-spinel phase is larger than that of the normal-spinel phase. For both phases
the lattice constant increases with increasing x. X-ray photoelectron spectroscopy measurements revealed that
both Fe2+ and Fe3+ ions exist with similar strength in the x=0.93 sample. Conversion electron Mössbauer spec-
tra measured on the same sample showed that Fe2+ ions prefer the octahedral Co3+ sites, indicating the forma-
tion of the inverse-spinel phase. Analysis on the measured optical absorption spectra for the samples by
spectroscopic ellipsometry indicates the dominance of the normal spinel phase for low x in which Fe3+ ions tend
to substitute the octahedral sites.
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I.� Introduction

Spinel oxides containing transition-metal elements have
been under a great deal of attention over decades due to
their interesting structural, electronic, and magnetic prop-
erties, useful for various technological applications. Co3O4

is known as a normal-spinel compound exhibiting antifer-
romagnetism below 40 K [1]. It has been found that the
octahedral Co3+ ions in the compound have a d6 con-
figuration of low-spin state with zero magnetic moment,
while the tetrahedral Co2+ ions have a d7 configuration of
high-spin state [2].

In the present work, the evolution of structural, magnetic,
and optical properties of spinel FexCo3−xO4 thin films
have been investigated as Fe is added from x=0 to 2. The
experimental results on the samples are interpreted in
terms of the change of electronic structure of the FexCo3−xO4

alloy system through the substitution of tetrahedral and

octahedral sites by Fe3+ or Fe2+ ions. Phase transition
from normal to inverse spinel structure was observed and
the related mechanism is discussed.

II.�Experimental

FexCo3−xO4 films were deposited on Si(100) substrates
with thickness of about 1 µm by a sol-gel method. The
precursor solution was prepared by dissolving Co(CH3CO2)2·
4H2O and Fe(NO3)3·9H2O powders together in 2-meth-
oxyethanol at 70 oC.

The substrate was spin-coated by the precursor solution
at 3,000 rpm for 20 sec and then heated at 260 oC for
5 min after each deposition. This process was repeated for
increasing the film thickness. Annealing of the precursor
films at 800 oC for 4 hr is found to improve the crystalline
quality and surface flatness of the resultant FexCo3−xO4

films. The Fe composition of the film was determined by
energy-dispersive x-ray spectroscopy.
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