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Proton exchange membrane fuel cells (PEMFCs) are known as extremely clean energy
conversion devices because the only substances required for the power-generating reactions are
hydrogen and air (oxygen), and the sole by-product is water. However, the oxygen reduction
reaction (ORR) at the cathode is the rate-determining step, and promoting this reaction
inevitably requires the use of electrocatalysts containing large amounts of expensive platinum
(Pt). In this study, we focused on a one-pot synthesis method known as the ionic liquid-thermal
decomposition method in which metal nanoparticles can be supported on carbon materials
simply by adding a metal precursor and a carbon material to an ionic liquid and heating the
mixture under stirring. Using this approach, we attempted to establish a one-pot synthesis
process for multi-walled carbon nanotubes (MWCNTs) supporting Pt-based medium-/high-
entropy alloy (MEA/HEA) nanoparticles, in which the Pt loading is reduced through the high-
entropy design of the Pt nanoparticles. In addition, the resulting specimens were evaluated as
ORR electrocatalysts, revealing an intriguing phenomenon: high-entropy alloying of Pt
nanoparticles not only enables a reduction in Pt usage, but also leads to an increase in the
retention of mass activity per unit weight of Pt after durability test.
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Figure 1 (a) TEM image, (b) particle size distribution estimated from Fig. 1a, and (c) EDX spectrum of
the specimen prepared by the ionic liquid-pyrolysis method using MWCNT and metal precursors
(Pt(acac), Pd(acac),, Ru(acac)s, Rh(acac);).
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Figure 2 (a) HAADF-STEM image and (b-f) EDS mapping of the specimen prepared by the ionic
liquid-pyrolysis method using MWCNT and metal precursors (Pt(acac),, Pd(acac),, Ru(acac)s,
Rh(acac)s3). Elements are (b) Pt, (c) Pd, (d) Ru, (e) Rh and (f) C.
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