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Calculation of the number of platinum atoms oxidised per PNP aggregate

For Model 1, the assumption was made that the PtNP is a solid, smooth sphere of radius 25 nm. This was
calculated as a possible bound (limiting case). The volume (Vsqlig fun / m’) is

4 3
Vsolid,full = §7TR

where R is the radius of the non-porous, solid spherical PtNP.
The mass can be written as

Msolid,full = PVsolid full
= (2146 X 10°) x 1m(25 X 107°)°
=14x10"15g
where p is the density of platinum.1

Therefore, the total number of platinum atoms per PtNP is

_ 1.4x107'°

Np = =7.2x10"18 mol
195.084

= 4.3 x 10° atoms

2y .
The surface area (Ssqlia surface / M) is

— 2
Ssolid,surface = 4mR

Assuming optimal close-packing was adopted by the platinum atoms on a two-dimensional surface plane, the
fractional filling efficiency (fsolid surface) is 0.91 for spheres or ellipses” and the total surface area of all platinum
atoms on the surface (Sgojig surface / m?’) can be written as

Séolid,surface = 0.91 x 47R?

The cross-sectional area (ap; / mz) of a platinum atom is

ape = mr?

Therefore, the number of platinum atoms on the surface of small nanoparticles per PtNP can be determined as

_0.91x4m(25%1077)2

Pt = rsesxio = 12X 10> atoms

For Model 2, each PtNP (ca. 25 nm radius) was considered to an aggregate of identical small nanoparticles (ca. 2.5
nm radius, estimated from Figure 2(b)). As it is difficult to know the inner configuration of the aggregates from the
TEM images, these small solid spheres were assumed to arrange in a densest close-packing in space and the
fractional filling efficiency (fporousfull) is 0.74.% The volume of a spherical PtNP (Vporous,fun / m?) is

4 3
Vporous,full =0.74 X §1'[R

The mass can be written as



mporous,full = prorous,full

= (21.46 x 106) x 0.74 x %n

=10x10"15¢g
where p is the density of pIatinum.1

Hence the total number of platinum atoms per PtNP aggregate is

1.0x10715 _
Npy = ———=5.33 X 10718 mol
195.084

= 3.2 X 10° atoms

Given fractional filling efficiency fporousfunl = 0.74 for three-dimensional close-packing of small nanoparticles in
each PtNP aggregate

Sporous,surface =0.74 X 10 x 47R?

Therefore, the number of platinum atoms on the surface of small nanoparticles per PtNP aggregate is

0.91X0.74X10x47(25%x10~°)?
Np = G — Y — 8.8 x 10° atoms
m(138.5x10712)
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