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The liquid-liquid transition and its order parameter

Institute of Industrial Science, The University of Tokyo  Rei Kurita!, Hajime Tanaka
Graduate School of Frontier Sciences, The University of Tokyo Yuya Shinohara,
Yoshiyuki Amemiya
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Even a single-component liquid may have more than one kind of isotropic liquid state. The
transition between the different liquid states is called a ” liquid-liquid phase transition (LLT)”
and this is discovered by atomic liquids such as carbon, Si, P[1]. Although the existence of
LLT has become more and more convincing, the nature of the transition is still largely un-
known. This situation mainly comes from the experimental difficulties. The transition is lo-
cated at high temperature and high pressure for atomic liquids or is hidden by crystallization.
Recently, we found convincing experimental evidence for the existence of LLT in a molecular
liquid, Triphenyl Phosphite(TPP) and n-butanol(2, 3, 4]. Both nucleation-growth-type (NG-
type) and spinodal-decomposition-type (SD-type) phase transformations were directly observed
with optical microscopy. From the image obtained with phase-contrast microscopy, we can cal-
culate the structure factor F(q). In the early stage, the peak intensity F(g,) o< exp(I't) (I is
a constant), whereas the peak wavenumber g, is constant with time. This is the linear growth
regime of phase transformation, which is known as the Cahn’s linear regime for SD-type phase
separation[5]. In the intermediate stage, the temporal decrease of g, is well described by the
power law ¢, ~ t~95_ This exponent is characteristic of the late-stage coarsening of SD-type
ordering of a nonconserved order parameter.

We believe that this nonconserved order parameter is the number density of locally favored
structures (LFSs) [3, 6]. LFSs exist in many liquids, for example, tetrahedra structures in water

and icosahedra structures in metallic liquids. LLT is the transformation from liquid I including
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a few of LFSs to a lot of LFSs liquid.

Thus, we investigate microscopic change during LLT to confirm our idea with synchrotron
X-ray scattering. This work was done at BL-15A, Photon Factory (PF), KEK, and Tsukuba.
We measured the scattering factor I(q) of TPP every 10 minutes.

We found that I{q) changes during LLT and this change comes from the increase of the
number density of LESs. We report that the nonconserved order parameter governing LLT is

the number density of LFSs.
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