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ABSTRACT
Phase transitions are ubiquitous in materials. For example, iron undergoes structural phase transitions
from bcc-a to fcc-g phase at 1185 K and fcc-g to bcc-d phase at 1670 K before melting around 1811 K,
and ferromagnetic phase transition below Curie temperature of 1043 K. In this talk, I will describe the
structural, magnetic, and electronic phase transitions as seen from the atomic vibrations (aka phonons)
perspective, and how these vibrations coupled with electrons and electron spins control a subtle competition
of energetic and entropic free-energy components to govern the thermodynamics.
I will present results from three of our recent combined experimental (neutron and x-ray scattering) and
theoretical studies. In particular, I will discuss the phonon-phonon coupling and improper ferroelectric
phase transition in archetypal YMnO3 [1], breakdown of phonons across the superionic phase transition
in CuCrSe2 [2], and a concomitant structural, magnetic, and electronic phase transition enabled by
magnetically triggered phonon instability in h-FeS [3].
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