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Solvent Water of Dilute Glassy Aqueous Solutions Considered
from a Viewpoint of a Water Polyamorphism
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From a viewpoint of water polyamorphism, we examined the states of solvent water in the glassy dilute
LiCl-water solutions and in the glassy dilute glycerol-water solutions and studied the effects of the solute on the
polyamorphic behaviors of the solvent water. The states of the glassy solvent water are able to be characterized by
the states of low- and high-density amorphous ices, LDA and HDA, respectively. The polyamorphic transition of
aqueous solution depends on the solute concentration and the solute component. There exists a region in which
LDA-like solvent water and HDA-like solvent water coexist in the pressure-temperature-concentration diagram of
aqueous solution. The extent of the coexistence region seems to relate to the difference between the solubility of
solute in the two kinds of solvent water. The behaviors of glassy aqueous solution are consistent with the water
polyamorphism. This result provides insight not only into the relation between the hydration and the two kinds of
water but also into the dynamics of macromolecules surrounded by water.
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Fig.1 Schematic polyamorphic diagram of pure water. 7, of
-137 °C stands for T, of LDA at 1 atm. (ref. 11)
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Fig.2 Effects of solute on the polyamorphic behavior of pure
water.
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Fig.3 Polarized Raman spectra of amorphous ices (HDA and
LDA) and crystalline ice Ic at ~30 K.
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Fig.4 Concentration dependences of 7y and 7, for LiCl
aqueous solution and for glycerol aqueous solution at 1 atm.
Ty of LiCl aqueous solution (ref.47) and glycerol aqueous
solution (ref.37) are presented byOand @, respectively. T, of
LiCl aqueous solution (ref.48) and glycerol aqueous solution
(our work) are presented by Aand A, respectively.
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Fig.5 OH-stretching modes of dilute glassy LiCl aqueous
solutions. (a) LiCl aqueous solution at 1 bar at room temperature.
(b) Glassy samples vitrified at 1 bar. Broken curves stand for
the OH-stretching modes of LDA and of LiCl aqueous solution
of 0.11 mf. (c) Glassy samples vitrified at high pressure. The
sample of 0.0 mf in (c) is the emulsified pure water. The Raman
spectrum of HDA (H,0) made by the amorphization of ice Th is
presented by a white curve.

high pressure

@

Fig.6 Schematic polyamorphic P-7-c diagram of solvent water
in the glassy LiCl aqueous solution.
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TWbZ & (Fige D/3Z2®) ZEWRLTW\5, Fig6 O3
A@ENRA@DOHEGEED D, EIREE LiCl KB T T A DY
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LEEZLND, ZOMERIL, EBROBMEKERT, A
A WIKOREIEIZ G- 2 DR L ETIN 52 D3RR EAL T
HBHLENIRE? LFFELARN,

A @ E T TESHIZARIEE LiCl KIS A 7 A (0.063 mf)

%77 K, 1 RETEIL (Fig.6 D S2®), 1 KETHIE
L 720 (Fig.6 D/ 3 A®) OIRBEDOIRREL AL & R 7EFEAT
=8N —(Dsc) & T~ U EE T, (Fig (b))
e D 7= DI TkEF L7 IREED HDA, LDA, Ic & Th
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Fig.7 DSC curves of amorphous ice and DSC curves of glassy
dilute LiCl aqueous solution made by cooling at 0.3 GPa. The
heating rate is 0.17 K/s. (a) DSC curves of pure water. The 1st,
2nd, 3rd and 4th scans are for HDA, LDA, Ic and Ih,
respectively. (b) DSC curves of glassy LiCl aqueous solution
(0.063 mf) made by cooling at 0.3 GPa. The 1st, 2nd and 3rd
scans are curves for the high-density, low-density and partially
crystalized sample. The Raman spectrum in an inset is of
low-density sample. The white spectrum is a spectrum fitted
by a linear combination of LDA and LiClaq spectra (broken
curves). (¢) DSC curves of glassy LiCl aqueous solution (0.11
mf) made by cooling at 0.3 GPa.
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Fig.8 Concentration dependences of 7", T,’, T, for the dilute
LiCl aqueous solution glass and of 7, for the highly
concentrated LiCl aqueous solution glass.
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Fig.9 Speculated drawings of the polyamorphic phase
separation of solvent water in glassy dilute aqueous solutions.
(a) LiCl-water system. (b) Glycerol-water system.
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Fig.10 P-V curves of glassy glycerol aqueous solutions. The
decompression and compression curves are drawn by broken
and solid lines, respectively. The curves except for one of 142
K are shifted vertically for clarity.
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Fig.11 Raman spectra of glassy glycerol-D,O solution (0.07 mf)
and amorphous ices of D,O (HDA and LDA) at 30 K at 1 atm.
Vertical broken lines stand for the characteristic peak position of
Raman spectra for HDA (~2333 cm™), LDA (~2300 cm™) and
ice Ic (~2285 cm™).
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Fig.12 Concentration dependence of polyamorphic transition of
glycerol aqueous solution of 150 K. @ and O are onset and
offset P .y- M and [J are onset and offset Py The grey
area is a supposed co-existence area of high-density and
low-density states. According to Ref. 44, the thick dashed lines
stand for the thermodynamic stability limit of HDA-like and
LDA-like states. The thin solid and broken curves are the P-V
curves of 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.10 and 0.12
mf samples at 150 K during compression and decompression.
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Fig.13 Schematic polyamorphic P-T-c diagram of solvent water
in the glycerol aqueous solution.
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