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Dr. Ian Lightcap
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Synthesis, Characterization and Electrochemical Testing of Iron/Iron Oxide Clusters as Potential Replacements 
for Platinum in Hydrogen Fuel Cells
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Fluorine doped tin oxide (FTO) glass slides were coated with MC/SP or T/SP using the doctor blade 
method and were cured/baked in muffle furnace.

Graphene oxide, suspended in ethanol, was deposited onto the cured TiO2 paste at 90 volts for 45 seconds.

UV-Vis spectroscopy analysis

100%
Films were submerged in FeCl3 ethanol solution, underwent 20 minute N2 purge, deposition of metal nanoparticles.

After the N2 purge, the films either were or were not placed in in front of a 200W xenon lamp for 5 
minutes. XRF analysis followed.

UV absorbance spectra were used to confirm the composition of each film layer.

Overall, I really enjoyed my winter session research experience. Despite the fact that some of the applicable 
principles were beyond the scope of anything I had been taught prior, Dr. Ian Lightcap thoroughly explained the 
objectives and procedures. The work of past undergraduates that worked on this project was extremely useful in 
guiding my own work.
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Scheme: 
 
The methods developed for this project rely on the methods developed for a prior study, 
Lightcap et al. 2012. The scheme below demonstrates the composition of an ideal film after the 
controlled depositions. Instead of silver ions, iron ions were used for this project. 

 
 

 
 

Figure 1. Images of resulting films at each step of depositions on two types of Ti-nanoxide. Films 
from left to right: C2-TiO2 T/SP, B4-EPDG T/SP, B2-EPDG/FeCl3 Light T/SP, B6-EPDG/FeCl3 No 
Light T/SP, A3-TiO2 MC/SP, A4-EPDG MC/SP, C4-EPDG/FeCl3 Light MC/SP, A1-EPDG/FeCl3 No 
Light MC/SP. 
 
 
Methods of measurement: 
 
Electrochemical characterizations of the materials were done to assess its catalytic efficiency 
and stability for oxygen reduction reactions. Ultraviolet–visible spectroscopy and x-ray 
fluorescence spectrometry were the two main analytical methods used up until this point. 



 
 

 

 
 
Conclusions: 
 
This project significantly relied on the efforts of previous undergraduate students whose work 
lay the foundation for the synthesis of sub-nanometer Fe clusters on graphene sheets. Two 
variables were investigated, the effects of illumination exposure for iron deposition and the 
type of titania paste used.  The current data does not support the existing notion of illumination 
as necessary for Fe deposition, though statistical analyses and more precise measurements that 
quantify the relative amounts of iron nanoparticles should be done to verify this claim. If UV 
illumination is unnecessary, the implications of this study could be significant in better 
understanding electron photogeneration and scavenging mechanisms.  
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