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T he sluggish kinetics of the oxygen reduction 
reaction (ORR) at the cathode, and the high cost 

of Pt used in electrocatalysts pose obstacles to the 
commercial viability of fuel cell technology. In the 
past decades, substantial efforts have been devoted 
to developing high-performance electrocatalysts with 
minimal Pt content, through the control of particle 
size, morphology, chemical composition, and surface 

Platinum Rules for New Fuel Cells
A core-shell nanocatalyst with promising performance for oxygen reduction reaction was 
developed.  

Fig. 1: X-ray absorption spectra of Pt-decorated Co-Pd and control samples. (a) X-ray absorption near-edge spectra (XANES) of Pt 
L3-edge of standard Pt foil, Pt/carbon nanotube (CNT), Pd-Pt core-shell/CNT (Pd@Pt/CNT), and Pt-decorated Co-Pd/CNT (Co@
Pd-Pt/CNT) catalysts. The inset shows the enlarged post-edge region. (b) Fourier-transformed extended X-ray absorption fine 
structure (FT-EXAFS) of the four samples in (a). (c) XANES spectra of Pd K-edge of Pd/CNT, Pd@Pt/CNT, Co-Pd core-shell/CNT 
(Co@Pd/CNT), and Co@Pd-Pt/CNT catalysts. The inset shows the enlarged region of peaks A and B. (d) FT-EXAFS of the four 
samples in (c). [Reproduced from Ref. 1] 

configuration. Despite the improved ORR activity in 
these advanced studies, there is still room for higher 
Pt utilization efficiency at the atomic level in ORR 
catalysts. In addition, it is notable that durability is an 
even more critical issue of the application of ORR cat-
alysts since the agglomeration and surface corrosion 
of nanoparticles, always result in a rapid decrease 
in the ORR performance. Therefore, designing and 
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Fig. 2 Ultraviolet photoelectron spectra of Pt-decorated Co-Pd 
and controls. The work function of Pt-decorated Co-Pd 
(Co@Pd-Pt/carbon nanotube (CNT)) catalyst is lower 
than that of the control samples including Pt/CNT, Pd/
CNT, Pd-Pt core-shell (Pd@Pt/CNT), and Co-Pd core-shell 
(Co@Pd/CNT) catalysts. [Reproduced from Ref. 1]

synthesizing novel ORR catalysts that possess high 
catalytic activity and durability with a low Pt content 
remains an important challenge.

Tsan-Yao Chen (National Tsing Hua University) and 
his co-workers recently developed a platinum-trimer 
decorated cobalt-palladium core-shell nanocatalyst 
with a low platinum loading of only 2.4 wt% for the 
use in alkaline fuel cell cathodes. Employing X-ray ab-
sorption spectroscopy (XAS), X-ray diffraction (XRD), 
and ultraviolet photoelectron spectroscopy (UPS) at 
TLS 17C1, TLS 01C1, TLS 24A1, and SP 12B1,1 the 
team found that a unique charge localization can be 
induced by the Pt3 decoration at the interfacial re-
gion between Co core and Pd shell. For example, Fig. 
1 shows the normalized Pt L3-edge and Pd K-edge 
X-ray absorption spectra (XAS) of Co@Pd-Pt/CNT cat-
alyst. Combining XAS analysis of both Pt L3-edge and 
Pd K-edge, it is notable that the Pt-Pt bond and Pd-Pd 
bond of Co@Pd-Pt structure were compressed and 
elongated at the greatest extent, respectively. This 
strain effect is likely to introduce charge relocation, 
and may affect the catalytic performance accordingly. 
Furthermore, UPS was carried out to determine the 
work function to elucidate the charge localization 
of the Co@Pd-Pt/CNT nanocatalyst, as shown in Fig. 
2. A strong charge localization on the Co@Pd-Pt 
surface was confirmed according to the substantially 
enhanced intensity of the peak M in the near-Fermi 
level, highlighting the quantum size effect of deco-
rated Pt3 species.

In summary, the authors designed and synthesized 
a ternary nanocatalyst with low Pt-loading that 
consists of a Co@Pd core-shell structure and surface 
decoration of Pt3 species to catalyze ORR in alkaline 
electrolytes. Advanced characterization results re-
vealed a unique charge localization induced by the 
Pt3 decoration at the interfacial region between Co 
core and Pd shell. The Co@Pd-Pt catalyst, possessing 
desirable catalytic activity and durability simulta-
neously with a low Pt content, is promising for the 

future development of low-cost, high-performance 
alkaline fuel cells. (Reported by Yan-Gu Lin) 

This report features the work of Tsan-Yao Chen and 
his collaborators published in Nat. Commun. 10, 440 
(2019). 

TLS 01C1  SWLS – EXAFS
TLS 17C1  W200 – EXAFS
TLS 24A1  BM – (WR-SGM) XPS, UPS
SP 12B1    BM – Materials X-ray Study 
•  XANES, EXAFS, XRD, XPS, UPS
•  Materials Science, Chemistry, Surface, Interface and 
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