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In-Situ Analysis of Electronic Properties of Passive Film on Fe by
Photo-Electrochemical and Impedance Techniques
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Electronic properties of passive films formed on Fe at various applied potentials
in pH 8.5 buffer solution were examined through the photocurrent measurement
and impedance spectroscopy. Passive film formed on Fe at relatively low potentials
was found to be y-Fe,O; with band gap energy of 2.5eV. In contrast, the passive
film formed on Fe at potentials above 600mV was composed of duplex layer with
external y-FeOOH layer and internal y-Fe,0; layer. However, the y-FeOOH layer
became unstable and disappeared at potentials below 400mV and hence may be an
adsorbed layer. An electronic band structure model for the passive film of Fe was
suggested on the basis of the spinel band model with involving two types of elec-
tronic excitation processes, i. e., the p-d and the d-d transition together. The ef-
fects of applied potential on the photocurrent behaviors of the passive film on Fe
were explained appropriately by separating the photocurrent spectra depending on
the transition type. The Mott-Schottky behavior for the passive film on Fe and the
photocurrent variation with applied potential were also analyzed in terms of the
suggested electronic band structure model.

Keywords : passive films, electronic properties, band gap energy, electronic transition,
photo current, impedance spectroscopy.
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Fig. 1. Potentio-dynamic polarization response of
Fe measured at a rate of 0.5mV/s in deaerated
pH 8.5 buffer solution.
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Fig. 2. i;, vs. hy plots for the passive film formed
on Fe respectively (a) at 400, (b} at 600, and
(c) at 800mVgg in deaerated pH 8.5 buffer solu-

tion.
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Fig. 3. Schematic band structure of the passive
film on Fe. Fe " and Fe,"* represent respec-
tively Fe ions in tetrahedral and those in octahe-
dral sites. Fe,** represents the ferric ion involved
in hydroxide of y-FeOOH formed on the passive
film at high potential. T, and T, denote the d-d
and the p-d transition respectively, and T.* is
the d-d transition related to Fe,** energy levels.
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Fig. 4. (i,,)!/? vs. hy plot and extrapolated line to
evaluate the E;‘=Z for the passive film formed on
Fe at 400mVgp in deaerated pH 8.5 buffer solu-
tion.
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Fig. 6. Normalized(i,,)!/" vs. hy plots for the pas-

sive film formed on Fe at 400mVgcz, obtained
with an increase in n value.
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Fig. 8. iy, vs. hy plot for the passive film formed
on Fe at 400mVgcs, and iy, vs. hy plots separated
depending on the transition type that induces
photo current. The photo current at low energy
side is induced by the d-d transition and that at
high energy side is induced by the p-d transition.
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Fig. 9. Photo current spectra by the d-d and
those by p-d transitions for the passive film
formed on Fe at 0, 400 and 800mVge in
deaerated pH 8.5 buffer solution.
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Fig. 10. Band gap energy values as a function of
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denote those for the d-d transition.
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