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Recent oncernson global warming and the depletion
of petroleum resource lead to a great demand to
commercialize clean energynversion technologies such
as polymer electrolytefuel cells (PEFCs). Onechallenge
for commercialization of fuel cellés the discovery of
highly active and considerably cheap Pt catalysts for
oxygen reduction reaction (ORRand still hasno great
strides. he monolayer Pt catalysts pides a promising
approach forthe sustainable use of FEs wtlere the
employment of core materials remarkably decrease the
expensive cost of Pt cathode catalysts and significantly
increase the slow kinetic activityward ORR" Herein,
the key role of corenaterials in controlling the activity of
monolayer Pt catalysts is to induce the strain effect,
tensile or compressive, in which the resultingpahd
center shifts as a major factor determine dlatvity of
catalysts Nevertheless, a quantitative coasbn
between them remains unclear. Monolayer Pt catalysts
with uniquely catalytic propertiestoward ORRcan be
created by tuning the structure of core matefi@isveral
investigations have been carried outésolvethe role of
core structure irthe caalytic activity of monolayer Pt
catalysts toward ORR; a definitive determination,
however, still remains elusiveln this work, based on
extended Xray absorption fine structure (EXAFS)
analysis of monolayer Pttams on various Pd single
crystal facets, & propose a general methodology for
evaluating the lattice strain of monolayer Pt shell on Pd
core nanoparticles. And then, we investigate the lattice
strain of monolayer Pt shells oa variety of Pd
nanopaticles. Further, the lattice strain dependenchef
resulting ORR activity has been studfed.

We prepared the monolayer Pt on Pd single crystals of
(111), (100) and (110) facets. Bj-edge EXAFS was
investigated undein situ condition. The employment of
the standard monolayer Pt samples demonstthtg the
self-built structural model of monolayer Pt shell on Pd
single crystal (111) facet isndoubtety available And,
the selfbuilt structural model can include all structural
information of the nearesteighborsin monolayer Pt
shells on Pd singlerystal (111), (100) and (110) facets.
Thus, via thegeneralstructural model of monolayer Pt
shell on Pd single crystal (111) facet, EXAFS fitting of
monolayer Pt shell on cor@anoparticleswith the short
range ordering structuis facile tobe perforned.

The quantitative lattice strain of monolayer Pt shells
provides atangibleunderstanding on their different ORR
activity and the dpendent correlationF{g. 1) between
lattice strain and theorrespondingspecific activity (at
0.90 V vs. RHE) calculate from KouteckylLevich
equation.As shown inFig. 1, the compression of fat
bond distance nduces aremarkableincrease in the
specific activity toward ORR. Compared to the

commercial Pt nanoparticles (0-2®5 mA cnf),” the
greatest monolayer Pt shelinduces a threéme
increment in the specific activity. More importantly, these
erhanced specific activities show a linear dependence on
the latice strain.Our quantitative correlation is also in
goodagreement with théheoreticalexplanation of the d
band model developed byaskov and ceworkers® The
strain effect induced -tand shift is related to the
adsorption properties of raleiting intermediates in
catalytic processes to the electronic structure of the
catalyst. Thus, in our experiments, theugment of the
compression extent of f@t bond distance will generate a
highly catalyticactivity toward ORR. ltshoull be noted,

as for the eventual conclusion about the optimal lattice
strain of monolayer Rthells, atailoring of monolayer Pt
structureis beyond the scope.
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Figure 1. Lattice strain dependence of monolayer Pt shell
specific activity (at 0.9 V vs. RHE) toward ORR. (Size of
Pdparticles No. 1: 3.5 nmNo. 2: 3.9 nmandNo. 3: 5.7
nm.)
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