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Study of Liquid-Liquid Transition of a Molecular Liquid
by Fast Differential Scanning Calorimetry
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Liquid has been widely believed to have a random homogeneous structure, but recent studies have shown that liquid can
have local structural order. This local structural ordering allows even a single-component substance to have more than two
liquid states. Liquid-liquid phase transition (LLT) between different liquid states is of fundamental importance to understand
the physical nature of liquid, and thus has attracted much attention. A molecular liquid, triphenyl phosphite (TPP), has been
known to have two distinct amorphous states. However, the nature of the newly found apparently amorphous state called
“glacial phase” has been a matter of debate for a long time, primarily because it usually contains nanocrystals. Thus, some
researchers thought that the glacial phase is just an exotic solid state formed by nanocrystals. To solve this controversy, we
applied a fast differential scanning calorimetry (DSC), whose scan rate is faster by 10* times than conventional DSC, and
succeeded to suppress nanocrystal formation and observe the transformation process between two pure liquid states including
its reversible process. Our study unambiguously shows the first-order nature of the transition and provides firm evidence that
the transition is LLT.

Keywords: liquid-liquid transition, first-order phase transition, differential scanning calorimetry (DSC), fast scanning
calorimetry.
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Fig.1 Pattern evolution during liquid-liquid phase transition of
TPP at a constant temperature, which is observed by phase
contrast microscopy. (a)223 K, Nucreation-growth (NG) type.
(b)212 K, Spinodal-decompositon (SD) type.
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Fig.2 Exothermic process of TPP during LLT at 216 K observed
in isothermal DSC experiment by conventional DSC.
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Fig.3 Shear modulus of TPP in the process of LLT at 219 K.
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Fig.4 Comparison of DSC heat flow curves of liquid 1 and
liquid 2 of TPP. (a) Results for slow heating rate obtained by
conventional DSC. (b) Results obtained by flash DSC.
Reproduced and modified from Fig. 1 of Ref. 33.
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Fig.5 Annecaling time dependence of glass transition curve of
TPP on heating at 1000 K/s in the process of aging at 202 K
observed by flash DSC.
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Fig.6 LLT and reverse LLT processes of TPP observed by flash
DSC. Measurement protocols are given in the inset. (a)LLT
process, heating curves at 1000 K/s after different annealing time
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process of LLT and reverse LLT. (c)Reverse LLT process, heating
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reverse LLT. Reproduced and modified from Fig. 2 of Ref. 33.
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Fig.7 Glass transition behavior in the process of LLT. Annealing
time dependence of heating curve at 1000 K/s observed by flash
DSC. The definition of onset temperature of the glass transition is
given in the inset. Reproduced and modified from Fig. 3 of Ref.
33.
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