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Nanometer-size particles of alloys are at-
tracting researchers in various scientific
and industry fields. Recently we are fo-
cusing attention on PdRu alloys since they
are expected to be high-performance and
low-cost catalysts to remove CO and NOx
in exhaust gas of cars. Pd and Ru atoms
form bulk solid solutions only at much
higher temperatures than room tempera-
ture (RT). This is mainly because Pd has
an fcc structure while Ru has an hcp
one. We have found that PdxRu1-x with
a diameter of 5-7 nm are miscible in the
whole composition range around RT [1].
However, the fcc and hcp phases coex-
ist in a single nanoparticle. The present
large problem is that the catalytic activ-
ity decreases due to the vaporization of
Ru atoms at higher temperatures. In this
study, we have performed the neutron
powder diffraction (NPD) experiments on
PdRuM (M = Rh, Pt, Ir) nanoparticles to
investigate the miscibility improvement by
adding the third metals M. The third metal
may stabilize the alloys state due to the
mixing entropy effect. These nanoparti-
cles are covered with a protective poly-
mer polyvinylpyrrolidone (PVP) to avoid
adhesion between the nanoparticles. The
NPD measurements were performed using
the high-intensity neutron powder diffrac-
tometer (Polaris) installed at RAL, ISIS.
NPD is powerful to distinguish between
neighboring atoms in the periodic table
such as Pd and Ru.

Figure 1 shows the atomic pair corre-
lation function G(r) of Pd0.5Ru0.5 and
Pd0.33Ru0.33M0.33 (M = Rh, Pt, Ir)
nanoparticles obtained by the Fourier
transform of the S(Q) data. The contribu-
tion from PVP has been subtracted. The
red and green bars represent the positions
and intensities calculated from the fcc and

hcp structures. Both fcc and hcp peaks ap-
peared in Pd0.5Ru0.5, Pd0.33Ru0.33Rh0.33
and Pd0.33Ru0.33Ir0.33, while only the
fcc peaks in Pd0.33Ru0.33Pt0.33. This
result demonstrates that adding Pt atoms
is the most effective to stabilize the fcc
structure and improve the miscibility of
the alloy nanoparticles. Furthermore, we
have found that the presence of much
interface between fcc and hcp phases
enhances the catalytic performance in
PdRuM nanoparticles.
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Fig. 1. Atomic pair correlation functions G(r) of
Pd0.5Ru0.5 and Pd0.33Ru0.33M0.33 nanoparticles.

Activity Report on Neutron Scattering Research: Experimental Reports 23 (2017)
Report Number: 1866


