
Development of Advanced Fuel Cells toward the Future 
Green Society Studied by X-Ray Absorption Fine
Structure (XAFS) and Related Techniques

Polymer electrolyte fuel cells (PEFC) have the potential to provide clean energy for 
powering vehicles, but improved performance and durability are needed for 
wide-spread commercialization. Advanced fuel cell catalysts can contribute to 
green and energy technologies and energy resource and environmental problems 
toward a sustainable society. Performances of nanoparticle cathode catalysts for 
oxygen reduction reactions (ORR) in PEFC are coupled with the structural and elec-
tronic kinetics/dynamics and three-dimensional spatial distribution of active 
nanonanoparticles in PEFC. Identifying the key issues relevant to the ORR activity and 
degradation of the cathode catalysts under the operating conditions is still a diffi-
cult challenge as “black box” because there are few suitable techniques for charac-
terizing the potential-dependent electronic and bonding states of cathode cata-
lysts with nanometer dimensions in the wet, heterogeneous and multiphasic reac-
tion field.

The talk documents how the nano-catalysts behave in automobile fuel cells by ad-
vanced x-ray absorption fine structure (XAFS) technique and complementary x-ray 
techniques (time-resolved XRD and near ambient-pressure hard x-ray photoelec-
tron spectroscopy (NAP-HAXPES)) at the new beamline BL36XU we constructed at 
SPring-8, describing recent characterization of the dynamic transformation and 
spatial mapping of the Pt chemical species in the PEFC catalysis. The talk also pres-
ents typical examples of progress in PEFC catalyst fabrications, which may depend 
on a variety of key issues, such as nanoparticle size and shape (plane), surface 
roughness, compressive strain effect (bond distance), downward Pt d-band center, 
ligand effect (electron transfer), metal-oxygen bond strength, etc. These findings 
are expected to enable engineers to design and develop 'experiment based 
knowledge' electrode catalysts for the next generation fuel cells for applications 
including cars and electricity generation systems for homes.
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