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renewable source of hydrogen. Such
“solar hydrogen” could be used as a
fuel for fuel cells, or as a feedstock .
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The resulting AOD transient signals allow the trapping, recombination and reaction of i

UV-vis and IPCE Iron Oxide - an Introduction
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Fig 1: Absorption (red) and IPCE (green; SE illumination, at mJ cm2, 2 Hz, SE illumination) for Fe,O, in argon and with various
+0.4 V vs Ag/AgCl in 0.1M NaOH, equwalent. to+1.4V vs e conduction band edge lies below H+/H2 redox potential hole-scavengers; decays probed at 900 nm are similarly unaffected
RHE) spectra for undoped APCVD a-Fe,0; films. - applied bias necessary for H,-evolution by scavengers. Inset: TA spectrum in argon.
K Discussion: Fe,0, charge carrier dynamics dominated by bulk recombination \

* Hole scavengers - such as methanol and iodide - are expected to be oxidised at the semiconductor surface, causing a reduction in the lifetime of transient decays in the region of the TA spectrum
associated with absorption by trapped holes. This results in a change in shape of the TA spectrum.

* However, without applied bias, neither the Fe,0; TA decay dynamics nor the TA spectrum change in the presence of hole-scavengers (Fig 2). This indicates that oxidation of scavengers at the Fe,O,
surface does not compete with charge recombination.

* |ron oxide is an n-type semiconductor with high donor density (10'3-10%! cm3, depending on preparation method), and is thought to have a very short hole diffusion length (2-4 nm; ~20 nm). It is

\possible that Fe,O, charge carrier dynamics are dominated by bulk electron-hole recombination, due to iron oxide’s high electron density. J
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Fig 3: TA decays of Fe,O; under applied bias, probed at 580 nm Fig 4: Photocurrent/voltage curves for APCVD a-Fe,O; in 0.1M Fig 5: TA decays of Fe,O; at +0.4 V vs Ag/AgCl in 0.1 M NaOH,
and (inset) 900nm (excitation pulse: 355 nm, 0.19 mJ cm2 at NaOH (vs Ag/AgCl); dark current is negligible. Addition of methanol probed at 580 nm (excitation pulse: 355 nm, 0.19 mJ cm at Fe,O,,
Fe,O;, SE illumination). 580 nm decay lifetime is increased from results in significant photocurrent increase from ~0.1 mA cm=2to 0.15 SE illumination). Without methanol, the TA decay has a lifetime on
microsecond timescale at -0.1 V vs Ag/AgCl, to seconds timescale mMA cm-2, and cathodic shift of onset potential by ~100 mV. Inset: the seconds timescale; methanol causes attenuation of the lifetime
at +0.4 V. A much smaller increase in lifetime is seen at 900 nm. SEM image of APCVD Fe,O, film showing nanostructure® to 100s of milliseconds.

/ Discussion: effect of applied bias \

* Application of positive bias to Fe,O, results in an increase in TA decay lifetime, particularly in the ~¥580 nm region (Fig 3), suggesting that this region of the TA spectrum may be due to absorption by
trapped holes. Further evidence for this assignment is provided by the effect of methanol on the TA decay lifetime in this region (Fig 5).

* Under positive applied bias, addition of methanol to the electrolyte causes an attenuation of the lifetime of the TA decay probed at 580 nm (Fig 4), attributed to oxidation of methanol by trapped holes
in Fe,0,. (There is no change in decay dynamics under negative applied bias.) This indicates that the timescale of methanol oxidation on nanostructured a-Fe,0; is on the order of 100s milliseconds.

* Application of a positive bias to the Fe,O, film lowers the Fermi level, reducing the occupancy of conduction band/trap states by electrons. This reduction in the electron density of the film decreases
the rate of electron-hole recombination (as observed in dye-sensitised solar cells®), increasing the hole diffusion length and allowing oxidation of scavengers to become competitive with electron-hole

Qombination (Fig 6). j
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