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Global energy consumption along with the negative impacts of fossil fuels have led to an emphasis 

on the production of renewable energy. One source that can help to decrease the demand of fossil 

fuels are low-temperature fuel cells, including both proton-exchange membrane fuel cells (PEMFCs) 

and anion-exchange membrane fuel cells (AEMFCs). To optimize efficiency of both the cathode and 

anode, fuel cells use a Pt-based catalyst, which has a robust performance in alkaline and acidic 

environments.1,2 Economic viability and surface poisoning are quite severe drawbacks of using Pt-

based catalysts.1 Platinum nanoparticles (PtNPs) loaded onto graphene support can be used to help 

mitigate some of the drawbacks associated with Pt-based catalysts.3 

To maximize the electrocatalytic activity, the support material that the PtNPs are loaded onto must 

be optimized. During this study the effect of different commercially available heteroatom-doped 

graphene supports on the oxygen reduction reaction (ORR) activity of PtNPs was analyzed. PtNPs of 

less than 5 nm in size were synthesized using the citrate method. In respect to the Vulcan XC-72R 

carbon, which was used as the comparison the commercially available heteroatom-doped graphene 

performed differently in the ORR process and in half-wave potentials (E1/2). The PtNPs deposited on 

nitrogen-doped graphene (Pt/N-C), sulfur-doped graphene (Pt/S-C) and nitrogen/sulfur-doped 

graphene (Pt/NS-C) showed improvements over the Pt/C with an E1/2 value of 0.86 V (Pt/N-C), 

0.86 V (Pt/S-C) and 0.81 V (Pt/NS-C) vs. RHE as compared to the 0.76 V of the Pt/C. The Tafel 

slopes of -60 mV per decade confirmed that the transfer of the first electron was the rate-determining 

step for all catalysts as proved in literature of Pt supported on different carbons2. This study confirmed 

that the support material used for the loading of PtNPs does have an effect on the electrocatalytic 

activity. 
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