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Reverse Monte carlo (RMC) modeling

The 3D RMC modeling of Pd NPs was performed by RMC POT software for non-periodic
boundary conditions."” Structure factor results were extracted from HE-XRD data of Pd NPs.
We have conducted RMC modeling for Pd 2.0 and 4.6 nm-diameter NPs, because Pd 7.6 nm-
diameter NPs is too large to perform the 3D RMC modeling.
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Fig. S1. Experimental and RMC modeling of Pd NPs with 2.0 and 4.6 nm-diameter using the
hard sphere model were performed on 277 and 3447 atoms, respectively. Hollow black circle,
red line, and blue line were experimental results, RMC modeling results, and difference,

respectively.



Bond orientational order parameters

The bond orientational order (BOO) parameter was introduced by Steinhardt et al.,” and is a
characteristic of the liquid and the atomic arrangement of the RMC modeling. The BOO

parameter near the atom £ is defined as
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where Y,(ryj) is a spherical harmonic function of degree / and order m and ny" is the number
of neighboring atoms around atom k. The ¢4 and g plane are represented by the spherical
harmonic function of atoms in the nearest neighbor, which included the bond angles and the
numbers of nearest neighbors.>® We evaluated the degree of disordering by comparing how

much it deviates from the ideal ordered structure. (fcc case, g4 : 0.190 g¢ : 0.575)

Pgoo parameters

The Pgoo value is a structural parameter describing the local structural deviation of the metal

nanoparticles from an ideal crystal structure.”
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The q, and qg is the average BOO values of Pd nanoparticles along the g4 and g6 planes. We

evaluated the mean value of the q, and g, for the core and surface sections using the

distribution of BOO parameters.



Fitted profiles and metrical parameters of XAFS results

Figure S4 represents the fitted profiles of (a) Fourier transform (FT) moduli and (b) X(k)xk3
EXAFS spectra at Pd K-edge. Red line is data profiles and blue line is fitted profiles of EXAFS

spectra.
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Fig. S2. (a) Fitted profiles of the Fourier transform moduli of Pd NPs and reference Pd foils.
(b) Fitted profiles of the Pd k-edge XAFS spectra of y(k)xk>. (1: Pd reference, 2: 7.6 nm, 3: 4.6

nm, 4: 2.0 nm, respectively.)



Although a reduction in the amplitude of (k) EXAFS spectrum is generally attributed to
either reduce in the coordination number or increase in the structural disorder. If the structural
disorder is dominantly increasing in the series of samples, the y(k) amplitude falls rapidly
relatively in the higher k-region. The metrical parameters from the EXAFS data are derived by

performing a non-linear least square fits and listed in Table S1.

Table S1. Metrical parameters such as shell distance (R), coordination number (N), and root

mean square deviation in the shell distance (o) derived from EXAFS.

Shell Pd-ref Pd 7.6 nm Pd 4.6 nm Pd 2.0 nm
First shell

R(A) 2.734£0.01 2.73+0.01 2.7240.01 2.7240.01
N 12.0 6.8+1.5 6.3t1.4 5.0+£1.2

c 0.0840.01 0.0840.01 0.0940.01 0.10+0.01
AE, 1.742.8 2.3+£2.7 2.542.5 3.942.6

Second shell

R (A) 3.8440.02 3.8340.02 3.8140.02 3.7840.02
N 6.0 3.1£1.0 3.4+1.5 3.0+0.8

c 0.0940.01 0.0940.01 0.1040.01 0.10+0.01
AEy 0.742.2 1.6£2.1 2.9+1.9 49+2.5




Photon energy calibration using the Au reference sample

The photon energy was calibrated by Au reference sample. Figure S3 shows the Fermi level

of au samples at a kinetic energy of 5948.284 eV.
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Fig. S3. Fermi edge of Au measured using HAXPES. The red line indicates the fitting of the

position of the Fermi level.
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