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The current state-of-the-art synchrotron x-ray techniques combined with diamond anvil cell (DAC) and large volume press (LVP)
techniques make phase transition studies one of most active, burgeoning fields in the high-pressure community. The structural
evolution of material under pressure is the long-term active research subject, which in fact strongly depends on the development of
corresponding high pressure and synchrotron technologies. The selected research cases for various types of material, such as metallic
glasses, melt, and crystalline materials under high pressure conditions, will be presented in this paper. The topics will include
pressure-induced polyamorphization in several typical metallic glass systems, pressure-induced potential liquid-liquid in gallium melt,
evaluation on novel characteristic method of fractional dimensionality for non-crystalline cases, pressure-induced phase transition
consequence trend in metal dioxides at multiple 100 GPa conditions, etc [1-4]. The contributions from the first principal calculations
and synergetic effort in synchrotron sources will be discussed based on these scientific cases.

The development of many advanced synchrotron X-ray techniques provided great opportunity for the research under high pressure
conditions. Besides the most popular synchrotron X-ray diffraction technique to study the crystalline samples, we could use the high
energy X-ray scattering technique combined with the Pair Distribution Function (PDF) method, to study structural evolution of non-
crystalline samples in DAC or LVP. In addition, the densities of non-crystalline samples in DAC or LVP could be directly measured
by synchrotron X-ray tomographic techniques [5-7]. With instrumental developments in the collection of sparse scattering signals and
to an increased flux and coherence of X-ray beams, X-ray photon correlation spectroscopy (XPCS) has recently emerged as a very
powerful technique able to follow the evolution of the dynamics at the atomic length scale in crystalline and amorphous materials.
Different from the conventional diffraction and scattering methods, which offer the information of average structures over the
diffraction volume in sample, the XPCS could uncover the local order from time domain when the coherent beam size is equal to the
illuminated sample volume, and exposure time is shorter than the onset time for the speckle dynamics. So the temporal relaxation
procedure on the origin of amorphous state to another amorphous state transition process upon compression could be monitored.
XPCS experiments under high pressure conditions were performed at room temperature, and results on selected typical metallic glass
systems, will be presented by comparing with temperature effect using same XPCS techniques.
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