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Abstract:
Photocatalytic hydrogen production has the potential to provide an alternative source of energy. For this to occur, 
a suitable semiconductor with the right band gap is needed for maximum visible light absorption. The two main 
methods used for the synthesis were sol-gel for dip coating and electrodepositon. Iron chloride and ferric nitrate 
were used as iron precursors, and the substrates used included fluoride doped tin oxide (FTO) glass, and platinum 
coated on quartz. After synthesis using various combinations of precursors, substrates, methods and dopants, the 
samples are calcined at 550°C or 700°C for 4 hours depending on the substrate used. This is to ensure that the iron 
hydroxide is converted to iron oxide. So far samples calcined at 700°C show the best performance. 

Introduction:
Energy issue is a great challenge in the 21st century. The 
focus of the group is to create a cost effective and more 
efficient way to produce hydrogen using solar energy in a 
photoelectrochemical cell.
In the case of photoelectrochemical hydrogen production [1-
3], a suitable semiconductor absorbs light causing electrons to 
be excited from the valence band to the conduction band. The 
excited electrons cause water reduction to form hydrogen, 
the holes left behind result in oxidation to yield oxygen as a 
byproduct. 
Iron oxide has potential advantages [4] for photoelectro-
chemical hydrogen production. It is stable in aqueous solutions 
with pH above 3, it has a suitable band gap of 2-2.2eV that 
enables 40% sunlight absorption. It is also abundant and 
inexpensive. However iron oxide has limitations which 
hinder its photoelectrochemical performance such as its poor 
conductivity which often leads to a high recombination rate, 
its inappropriate conduction band for hydrogen evolution, 
its low kinetics for water oxidation and its low optical 
absorption. The focus was to address the limitations hindering 
its photoelectrochemical performance.

Experimental  Methods for Synthesis:
Sol-Gel Method. Sol-gel method is fast, simple and efficient. 
It can be done on a large scale. The mixture of 0.46M solution 
of the iron precursor in ethanol, 1.2 ml of propylene oxide 
and 30% F127 polymer forms a sol for the following dip-
coating. The substrates are dipped in a sol solution using a 
linear motion stage at a rate of 100 µm/sec for a downward 
displacement of 15 mm; the substrate stays in the solution 

for 120 secs and is then displaced upwards at the same rate. 
Following the evaporation of the solvent by air the process is 
repeated twice to ensure the right amount of thickness of iron 
oxide film.
Electrodeposition Method. Electrodeposition enables good 
electronic contact, the microstructure of the samples can be 
controlled and it also enables large scale production. Three-
electrode system was used for the electrodeposition. The 
counter electrode was platinum, the working electrode was 
the FTO or Pt and the reference electrode was Ag/AgCl. The 
applied voltage was between -0.49 and 0.41V for 5 cycles. The 
solution contained 5 mM FeCl3, 5 mM KF, 0.1 M KCl and 1 M 
H2O2 [5]. All samples were calcined at the same conditions as 
the sol-gel samples. Detailed PEC measurements are shown 
in Ref [5].

Results and Discussion:
Structure and Optical Properties. Figure 1 shows the 
typical Raman spectra of iron oxide prepared by sol-gel 
and electrodeposition methods. All the peaks are belonging 
to a-Fe2O3, indicating the Hematite structure. The UV-vis 
absorption curves and Tauc plots of undoped and 5% Ti doped 
iron oxide thin films are presented in the inset of Figure 1. It 
can be seen that both samples exhibit very similar bandgap 
around 2.2 eV, which is a typical value for a-Fe2O3. 

Doping Effect: In Figure 2, it can be seen that, among all 
the samples prepared by sol-gel method, 5% Ti doped sample 
shows the best photoelectrochemical performance. The 
samples are also quite stable as indicated by the negligible 
corrosive current in the dark. The FeCl3 iron precursor induced 
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sample displays slightly better performance than that of Fe(NO3)3 
precursor, which might result from the different microstructures from 
different iron precursors. We dip coated the sample once, twice and 
three times to see the effect of thickness on photoelectrochemical 
performance. The result shows that samples dip-coated twice exhibit 
the highest photocurrent. 
Interfacial Effect: A thin layer between FTO and active photocatalyst 
may help to improve the charge transfer between them, resulting in 
a higher charge separation efficiency [4]. Therefore, we compare the 
PEC results from bare FTO, a thin layer of TiO2 or SnO2 coated FTO. 
It can be seen from Figure 3 that SnO2 shows better PEC performance 
than the other interfaces used. 
Temperature and Method Effects: The undoped sample calcined 
at 550°C does not show any photocatalytic performance as shown 
in Figure 4. However, when the sample was calcined at 700°C, it 
shows appreciated photocurrent, which could be due to the higher 
crystallinity obtained at high temperature calcinations, resulting in 
a better charge transfer. One can also see that the undoped sample 
prepared by sol-gel method shows slightly better PEC performance 
than that of sample prepared by the electrodeposition method.

Conclusion:
In conclusion, nanostructured iron oxide thin films were prepared by 
different methods. Doping effect, precursor effect, interfacial effect, 
temperature effect and method effect were investigated. Adding 5% 
Ti to the sample improves the PEC performance. Among the three 
iron precursors used, iron chloride shows the best result. Using tin 
oxide as an interface for electron transfer shows better results than 
titanium oxide and bare FTO. Calcination at a higher temperatures 
improves photoelectrochemical performance. Samples synthesized 
by sol-gel method show increased photoelectrochemical performance 
than samples synthesized by electrodeposition.
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Figure 1: Typical Raman spectrum of iron oxide thin films. (Inset showing the UV-Vis 
absorption spectra (left) and Tauc plots (right) of iron oxide thin films.)

Figure 2: IV curves showing dark current, undoped sample, X % Ti doped samples 
from FeCl3 iron precursors and 5% Ti sample from Fe(NO3)3 iron precursor.

Figure 3: A very thin layer of TiO2 or SnO2 was between FTO and iron oxide.

Figure 4: IV curves comparing preparation by electrodeposition and sol gel methods.




