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Abstract 
 
Proton exchange membrane fuel cells (PEMFCs) utilize the Grotthuss shuttling mechanism to do 
proton transfer ideally in low temperatures and highly humidified environments; however, the 
most common PEMFC, or NafionÒ, is both expensive and toxic. At high temperatures, water 
evaporates from the membrane and the impurities contained in the water leaks outside of the 
membrane, which inhibits proton transfer and stops fuel cell operation. Histidine-containing 
tripeptides were found to have self-assembling propensity that can participate in proton transfer 
via Grotthuss shuttling. Preliminary data has found that due to b-sheet formation within the Fmoc-
HHH and Fmoc-HHD tripeptide hydrogels, they were able to shuttle protons in the presence of 
both H2O and D2O systems. However, the in-situ arrangements that occur during self-assembly 
as well as the relationship between the secondary structures and proton transfer are yet to be 
experimentally determined. We explore these fundamental aims by utilizing confocal laser 
scanning microscopy (CLSM) and fluorescence emission spectroscopy that will be extended to 
other tripeptide systems containing phenylalanine (F), tyrosine (Y), glutamic acid (E), and lysine 
(K) with at least two H residues for proton transfer. Typical characterization techniques such as 
Fourier-transform Infrared (FTIR) spectroscopy, Circular Dichroism (CD) spectroscopy, Atomic 
Force Microscopy (AFM), and Transmission Electron Microscopy (TEM) will be used for these 
H-containing tripeptide systems. Proton transfer will be evaluated with Electrical Impedance 
Spectroscopy (EIS) with swelling behavior determined by 2-step spin coating and/or Raman 
spectroscopy. This research is valuable towards promoting energy sustainability and electronical 
applications with nature-inspired proton transfer materials. 
 
 


