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1. QM-MM Simulations (Text S1)
Core/shell NPs are modeled by cuboctahedrons with eight (111) facets and six (100)
facets. The core/shell structure consists of an fcc-Pt shell (with three atomic layers) and a FePt or

FeCuPt core. The size of NPs is 8 nm corresponding to 10179 atoms in total. A £, relative to the

flat Pt (111) surface is determined by placing an O atom at the hollow site on the (111) facet of
fcc-Pt, following

AEq = (Equpu [NP + O] = Equp [NP]) = (Eq [Pt(111) + O] = Ey [Pt(111)])
where Eq\ NP +O]Jand E,\\[NP]are total energies of NPs with and without O adsorbate,
respectively from QM-MM calculations. Eg[Pt(111)+ O] and E,[Pt(111)] are the total

energies of the flat Pt (111) surface with and without the absorbed O atom calculated by DFT.

In QM-MM calculations, as shown in Fig. 2¢, the entire modeled system is partitioned into
two spatial domains: a QM region (red, pink and green spheres) treated by constrained DFT '~
and a MM region (blue spheres) by empirical atomistic simulations. The QM region is further
divided into an interior QM region and a boundary QM region. The former involves bond
breaking, chemical reaction and charge transfer, etc. where topological changes of charge density
take place. The latter serves as a buffer region where no such topological change to the charge
density occurs. The technical details and validations of the QM-MM method can be found
elsewhere’. The QM region measures 17Ax17Ax8A in x, y, and z directions, respectively with
195 atoms, where the innermost 8.4Ax7.3Ax4A is the interior QM region containing the
adsorbed oxygen atom on the fcc-hollow site. The MM region consists of the rest of the system
where the strain effect due to the core/shell lattice mismatch can be captured. The DFT
calculations are carried out using the VASP package™ ® with the projector augmented wave

pseudopotentials (PAW)" and Perdew-Burke-Ernzerhof generalized gradient approximation
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(PBE-GGA)*. The calculations are performed at I' point with 400 eV energy cutoff. The
embedded atom method (EAM) potentials are used in the MM simulations, which have been
rescaled to yield the same lattice constant and bulk modulus as those of DFT’. The force

convergence criterion for atomic relaxation is 0.03 eV/A.

2. DFT Calculations (Text S2)

A periodic supercell consisting of 108 atoms is used to determine the atomic structure of FePt
and FeCuPt core (Fig 2d, e and Fig. S6). For fcc-FePt, 53 Pt atoms and 55 Fe atoms are
randomly arranged in the supercell; For fct-FePt, 54 Pt atoms and 54 Fe atoms with an alternating
layers are arranged in the supercell; For fcc-FeCuPt, there are 52 Pt atoms, 27 Fe atoms and 29
Cu atoms randomly arranged; And there are 54 Pt atoms, 28 Fe atoms and 26 Cu atoms in the fct-
FeCuPt model, where Pt and Fe (or Cu) atom layers are alternating in the supercell; Fe and Cu
atoms are randomly arranged in the Fe (or Cu) atom layers. All atoms are fully relaxed under the
constant zero pressure by using the DFT calculations. The DFT geometry optimizations are
performed using the VASP package with PAW approach and PBE-GGA under the constant
(zero) pressure. An energy cutoff of 280 eV is used for the plane-wave basis set. The Brillouin
zone is sampled based on the Monkhorst-Pack scheme with a 3x3x3 k-point mesh'®. Spin-

polarized DFT calculations are used for all materials under the investigation.
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3. Supporting Tables

Table S1. Crystalline lattice constants of FePt and FeCuPt based on DFT calculations.

Materials ari00y/apt ago10y/apt agoo1/apt
fee-FesoPtsg 0.961 0.964 0.965
fet- FesoPtso 0.971 0.971 0.945

fee-FepsCuysPtsy 0.967 0.963 0.967
fet- FepsCuasPtsg 0.986 0.985 0.950

ap; 1s the lattice constant of fcc-Pt. aji00}, ajo10), ajoo1] are the calculated interplanar distances along

[100], [010] and [001] directions of each material.

4. Supporting Figures

Figure S1. TEM images of the as-synthesized Fe,;Pty3 (8.7 nm + 0.6 nm) (a), Fes3Pts7 (8.5 nm +

0.4 nm) (b), Fe4,Ptsg (8.3 nm + 0.4 nm) (c¢) NPs.
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Figure S3. HAADF-STEM image (a) and STEM-EELS line scans (b) of the electrochemically
dealloyed fcc-Fes Ptag NPs, i.e. fcc-FePt/Pt NPs. The NPs were annealed at 400 °C in 95% Ar +

5% H, for 1 h. The arrow indicates the line scan position.

Figure S4. TEM image of the commercial C-Pt catalyst.
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Figure S5. CVs of the commercial Pt, fcc-FePt/Pt and fct-FePt/Pt NPs. CV’s were obtained from

N,-saturated 0.1 M HCIO,4 with a scan rate of 50 mV/s.
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Figure S6. 8 nm cuboctahedral FeCuPt/Pt core/shell NPs models constructed for QM-MM
simulations. (a) Model for the fcc-FeCuPt/Pt core/shell NP with 7667 Pt atoms, 1283 Fe atoms

and 1229 Cu atoms. (b) Model for the fct-FeCuPt/Pt core/shell NP with 7704 Pt atoms 1250 Fe
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atoms and 1225 Cu atoms. Two models have a core composition of ~Fe,sCu,sPtsy and a three-
atom-layer shell of Pt. The blue, purple and orange balls stand for Pt, Fe and Cu atoms,
respectively. (¢, d) The periodic supercells of fcc-Fe,sCu,sPtsg (€) and fet-FepsCuysPtsg (d) used to

calculate the equilibrium lattice constants.
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Figure S7. HAADF-STEM image (a) and STEM-EELS line scan (b) crossing an fcc-FeCuPt/Pt

NP.
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Figure S8. CVs of the fcc-FeCuPt/Pt and fct-FeCuPt/Pt NPs in N,-saturated 0.1 M HCIO4 with

the scan rate of 50 mV/s.
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