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Liquid water behaves differently from other substances at low temperatures. Recent studies of supercooled
liquid water suggest the existence of two liquid waters with different densities, low-density liquid (LDL) and
high-density liquid (HDL), at low temperatures, the so-called " water polyamorphism", and the fluctuations between
the two waters may be responsible for the anomalous behavior of low-temperature water. Here, in order to
understand the effect of solute on the polyamorphic behavior of water, I experimentally investigated the polyamorphic
transitions of low concentration polyol aqueous solutions under high pressure, which is related to the polyamorphic
transition of pure water. From the temperature, solute concentration, and solute nature dependences of polyamorphic
transition, it is found that the state of solvent water in polyol aqueous solutions can be consistently classified by two

waters, LDL and HDL.

In addition, the OH groups in a polyol molecule seem to stabilize HDL-like solvent water,

and conversely the hydrophobic groups may stabilize LDL-like solvent water.
Keywords: water polyamorphism, polyol aqueous solution, polyamorphic transition, glassy water
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Fig.1 T-P-x polyamorphic phase diagram relating to water and
a preparation protocol for the vitrification of dilute aqueous
solution (a PLCV method).
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Fig.2 Isothermal specific volume changes of a glycerol
aqueous solution of x = 0.03 with the change of pressure, and the
temperature dependence. 2> (Color online).

0.15

0.14

0.13

Specific volume / cm® g

0.05

0.04

0.03

0.7

0.0 0.1 02 03 04 05 06
P/ GPa

Fig.3 Concentration dependence of polyamorphic transition
for glycerol aqueous solutions at 150 K. V. and Va are
compression curves (solid blue lines) and decompression curves
(dashed red lines), respectively. ¥ (Color online).
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Fig.4 Estimation of LLCP location for a glycerol aqueous

solution at 150K. (a) The concentration dependence of AV.
Black dots are maximum points of AV. (b) AVmax -x curve. AVmax
becomes zero around x = ~0.13.  (c) Pvmax -x curve. 33
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Fig.5 Polyamorphic P-T-x diagram of a glycerol aqueous
solution. 33 (Color online).
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Fig.6 Change in the polyamorphic state of solvent water in a
glycerol aqueous solution at 150 K at ambient pressure with the
change of concentration. (a) The Raman spectra of
OD-stretching modes. The black broken and black solid
Raman spectra stand for those of ice Ic and LDA, respectively.
The inset is the expanded Raman spectra between 2260 and
2400 cm™'.  (b) The change of central frequency of peak around
2300 cm! with the change of concentration. 33 (Color online).
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Table 1 Location of LLCP for polyol aqueous solutions.

Solute T/K  XxLiee féﬁ; Xe
EG Ethylene Glycol ~ 145  0.145 0.055  0.17
GL Glycerol 150 0.135 0.045 0.13
ER meso-Erythritol 150 0.08 0.05 -
XY Xylitol 150  0.065 0.055 0.11
SO D-sorbitol 150  0.055 0050  0.10

PDI2 1,2-Propanediol 150  0.125 0.145  0.105

PDI13 1,3-Propanediol 145 0.140  0.055 0.165
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Fig.7 The LLT lines of various polyol aqueous solutions. (a)
Pymax plotted by X. (b) Pvymax plotted by XOH. (C) Pymax plotted by
Xe. The xon and xc are the concentration of OH-group relating to
solute and the concentration of carbon relating to solute,
respectively. 3 (Color online).
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Fig.8 The change in molecular vibrations of glycerol in a
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