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Following Fujishima and Hondaldight-induced water-splitting
experiment with a Ti@ semiconductor photoanode in 1972,
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worldwide research has been focused on the conversion of sunlight a)- - - -USP Situbing 1sun /dark , _::'
into hydrogen as a clean and renewable source of energy. Shifting e 254 TR e e
the activity of the photoanode into the visible has been a major 5 ,'j, :
challenge so far. Iron oxideafFeOs, or hematite) has unique E 20+ PP
properties for application in photoelectrolysis reactors. Apart from ‘E ST __.,:'

its ability to absorb a large part of the solar spectrum, its chemical E 7 /"_ ot
stability, nontoxicity, abundance, and low cost can make it a . ./“;,./ - :
tempting research target. However, challenges are set by its g 8. /I'."'b Il_.’
notoriously short hole diffusion lengthand the low absorption T o5 .,.’" J I:' :
coefficient due to its indirect band gap (ca. 2.1 eV). In addition, .,';’_.;" L’ ,
the conduction band of hematite is positioned too positively to 0o r ;7;"’ " " T :s A

reduce water to hydrogen directly. This is overcome by applying Vvs. RHE

.an external bias VOltf‘:‘ge Su_pplsled by a dye-senSIItlzed solar Ce_” (dSC)Figure 1. Current-potential curves of Si-doped polycrystalline hematite
in a tandem-cell configuratiofr® The dye cell provides the required  glectrodes on TCO measured vs AgCl: (a) 370-nm thick USP film using
potential for hydrogen evolution by absorbing the red part of the silicone tubing; (b) 145-nm thick USP film using Tygon tubing with TEOS

solar spectrum which is transmitted by the hematite electrode. Pure;\iﬂs Si'dOPanti (({)hlllilo_glj (th'i:kl ?g)?y%ﬁlkm using JEOdS E}IT Si_—dotpant.

: f . . : . easurement: al p .0f; In darkness anad under liilumination
hematite is an inefficient photpele_ctrqde, and it has beer; l’(\)”dely at 1 sun, AM 1.5 (100 mW/cfy; scan rate 100 mV/s. The immersed and
reported that dopants, rendering it either n-&ySeor p-type? illuminated anode surface areas were 2.5 and 0.5 cm
increase the light-to-hydrogen conversion efficiency significantly.
In this communication, we report the influence of silicon doping [
on the water photooxidation efficiency of hematite electrodes [FEsg=s

. _ AN

prepared by two different methods. Both methods yield translucent ? !ﬂ) .
thin films composed of F©; nanoleaflets with highly improved M,
photoresponse under illumination with global AM 1.5 solar light. g

films is significantly influenced by silicon doping.

The iron oxide photoanodes were prepared by ultrasonic spray
pyrolysist (USP) and atmospheric pressure chemical vapor deposi- [#i
tion (APCVD) based on thermal decomposition of iron(lll)- §
acetylacetonate and iron pentacarbonyl, respectively. Films are
grown on transparent, conducting oxide-coated glass with growth |4
rates of 0.6 nm/min for USP and 12 nm/min for APCVD.
Tetraethoxysilane (TEOS) was used as silicon dopant.

In the USP method described eartiehe precursor solutionwas  Figure 2. Typical HR-SEM images of Si-doped hematite films on TCO
pumped peristaltically through silicone tubing. We found that this obtained from USP (a,b) and APCVD (c,d): a and c are side-view, b and
influenced the photoresponse of the films, most apparently at lower d top-view images. (b, Inset) Hematite grains for undoped USP (d, Inset)
flow rates. After reducing it from 1.0 to 0.4 mL/min the photo- Hematite grains for undoped APCVD electrodes.
current at 1 sun increased by 50% to 1.17 mAlan1.23 V vs
RHE (Figure 1a, ca. 375-nm thick film). Replacing the silicone by significantly increase for thicker TEOS-doped samples. While
Tygon tubing, which does not contain silicon, decreased the testing the influence of the tubing material and dopant, the flow
photoresponse by a factor of 16, but it increased again when arate was kept constant. An improved homogeneity of the deposited
silicone tube was connected in series with the Tygon tube of the film was achieved due to a lower temperature variation along the
pump. Furthermore, adding 0.2 mM TEOS to the deposition solution substrate. By employing an aluminum heating block instead of a
improves the photoresponse with Tygon tubing (Figure 1b). The tubular oven, the photocurrent density varied less than 5% over a
film thickness of this TEOS Si-doped sample was 1420 nm length of 10 cm.
and had a transmittance at 400 and 550 nm of 3.4% and 46%, Figure 2 (a,b) illustrates the nanostructure obtained from the USP
respectively. This was 3% and 40% at the same wavelengths fortechnique with silicone tubing material. This hematite film consists
an undoped sample of equal thickness. The photoresponse did nobf stacked sheets oriented perpendicularly to the substrate. The
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individual sheets are between 15 and 25 nm thick and, dependingbefor¢ due to optimized silicon doping. This improvement,
on the deposition time used, 5@50 nm long. Changing the tubing  measured at 1 sun, amounts to 50 and 90% for the USP and APCVD
material to Tygon increased the crystal size to 20@l0 nm in samples, respectively. The morphology of the nanostructured
length and 106Gt 15 nm width (inset, Figure 2b). The sheetlike o-F&0O; films was strongly influenced by the silicon doping,
structure was again observed when 0.2 mM TEOS was added todecreasing the feature size of the nanocrystallites. In a tandem-cell
the deposition solution or when silicone tubing was connected in configuration with two series-connected dye-sensitized solar cells
series with Tygon. providing a bias voltage of 1.4 V and 4 mA/érat 0.5 surf! the
These results suggest that the changed morphology and increasetiest performing F£€; photoanode would yield a solar-to-chemical
photocurrent was caused by an uptake of a silicon compound by conversion efficiency of 2.1% based on the heat of hydrogen
the deposition solution from the silicone tubing. This is consistent combustion (upper value —280 kJ/mol= 1.45 eV/electron).
with improved efficiencies due to a longer residence time at lower  Further characterization of the-Fe,O; films such as the Si
flow rates in the tubing. Furthermore, silicone elastomers are known content is underway, as well as the investigation of alternative
to liberate volatile oligosiloxaned. dopants, such as Ge, Sn, Pb, Ti, Zr, and Nb. The interface with the
The APCVD Si-doped samples give a photocurrent up to 1.45 TCO substrate is of equal importance, and we are studying the
mA/cm? at 1.23 V vs RHE (Figure 1c) and show a dendritic pretreatment of the TCO surface. For example, by depositing a thin
microstructure about 170 nm high with 280-nm thick branches interfacial layer?? it may be possible to optimize the contact
(Figure 2 c,d). Pure Fe(C@vithout silicon dopant gives photo-  properties. Besides water splitting, other applications, such as gas
currents below uA/cm? at 1.23 V vs RHE and less developed sensing, photochemical water purification, and nonlinear optics
branches at the electrode surface (inset, Figure 2d). might profit from the unique properties of these new nanocrystalline
X-ray diffraction patterns (XRD) of silicon-doped films produced hematite films.
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