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Phonon modes reflect the collective vibrations of atoms in solids. Phonon properties can
help us understand many of the thermodynamic and mechanical properties of materials, e.g.
heat capacity, speed of sound, shear and bulk modulus, etc. Recent development of
displacement covariance matrix analysis to extract detailed phonon information from dense
colloids revealed many interesting features in glasses and crystals. We will discuss some of
the findings in our experiments, and the latest development of this technique. We will focus
on the “soft modes”, the low-frequency quasi-localized phonon modes in both colloidal
glasses and colloidal crystals, and their correlation to mechanical deformation and structural
defects in colloidal solids.
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