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Insights on the anomalously soft and stiff modes of metal
nanoparticles MARISOL ALCANTARA ORTIGOZA, TALAT S. RAHMAN, De-
partment of Physics, University of Central Florida, Orlando FL, USA, ROLF HEID,
KLAUS-PETER BOHNEN, Institut für Festkörperphysik, Karlsruher Institut für
Technologie, Germany — The low- and high-energy tails of the phonon density of
states (PDOS) of transition-metal nanoparticles is enhanced with respect to that
of their bulk counterparts. For particles in the sub-nanometer scale, we propose a
rationale for this fact based on ab initio calculations of their charge density and of
the frequency and displacement pattern of their vibrational modes. We find that the
radial breathing and non-radial vibrations – analogous to the pulsations observed in
variable stars – correspond to the highest and lowest frequencies, respectively. This
result is traced to the radial atomic distribution and the charge density distribution
particular to the low-coordinated atoms, both of which give rise to modes that have
no counterpart in the bulk. We find that the enhanced PDOS at low frequencies is
at least partly due to the relatively small number of modes that nanoparticles can
sustain and that clusters with bulk-like ordering render fewer and less stiff modes
above the bulk limit.
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