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Abstract

Vibrational spectra of high-density amorphous ice (hda-ice) for H,O and _D20 samples were
measured by inelastic neutron scattering. The measured spectra of hda-ice are closer to those for
high-pressure phase ice—VI,b but not for low-density ice-Ih. This result suggests that similar to ice-
VI the structure of hda-ice should consist of two interpenetrating hydrogen-bonded networks

having no hydrogen bonds between themselves.
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One of the interesting results from investigations of the structure and dynamics of ice was
the observation of the phase transition from hexagonal ice-Ih to high-density amorphous (hda)
ice by applying a pressure of ~10 kbar at low temperatures (T<130 K) [1]. The density of hda-ice
(~1.31 g/em® at 10 kbar) is about 40% higher than that of ice-Ih (0.94 g/cm’ at ambient pressure).
The inelastic neutron scattering (INS) spectrum of hda-ice H,O in the range of the intermolecular
vibrations (2 to 200 meV) was studied recently [2,3]. In the present report, we extended the INS
investigations of the recovered hda-ice to its deuterated form and isotope mixture in the range of
intermolecular vibrations, as well as for H,O ice in the range of the intramolecular bending aﬁd
stretching modes.

The INS spectrum for D,O hda-ice in the range of intermolecular vibrations measured on
TFXA spectrometer [4] is shown in the Fig. 1. The data are compared with the spectra for low-
density “normal” ice-Th and high-pressure phase ice-VI, measured previously [5]. It is obvious
from the figure that the spectrum for hda-ice D,O is similar to that~for ice-VL In the Fig. 2 the
INS spectrum for hda-ice D,O is compared with tﬁe spectrum for protonated hda-ice, H;O. The
translational parts of the spectra (below 40 meV) look identical. The librational band for H,O

ice, after the energy is scaled by the square-root of the ratio of the moments of inertia for the

corresponding water isotopomers (~+/2), coincides with that of DO, indicating a rather
harmonic behaviour of the librational band.

Fig. 3 shows the INS spectrum for HO hda-ice obtained on the HERMECS spectrometer
[4] in the energy range up to 450 meV. The comparison with the spectra for ice-Ih and ice-VI [6]
(also shown in the figure) clearly indicates the similarity of the bending and stretching modes for
hda-ice and ice-VI. Surprisingly, the stretching mode peak for hda-ice looks narrower than for

the crystalline phase ice-VIL.




The INS spectrum for the water isotope mixture (D20)s(H20)p, for hda-ice measured on
HERMECS and for ice-Th measured on HET earlier [8] are shown in the Fig. 4. The hydrogen
defect mode peak (around 100 meV) for hda-ice is noticeably broader and seen at much lower
energy.

The strong softening of the intermolecular librational band and hydrogen defect mode peak
and the hardening of the intramolecular stretching modes in the hda-ice compared to ice-Th
indicate that the oxygen-oxygen separation distances in hda-ice are longer than in low-density
ice-Th. The similarity of the INS spectra for hda-ice and ice-VI over the whole range of the
intermolecular and intramolecular vibrations suggests that the forces between water molecules
and the local molecular arrangements for these ices are rather similar. Thus, similar to ice-VI, the
structure of hda-ice is proposed to consist of two interpenetrating hydrogen-bonded networks

having no hydrogen bonds between the networks. -
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Figure captions

Fig. 1. The INS spectra (D,0) in the range of the intermolecular vibrations for hda-ice and ice-VI
and ice-Ih measured on TFXA. The smoothed curves for hda-ice and ice-VI are shown

superimposed for better visual comparison in part (a) of the figure.

Fig. 2. The INS spectra for hda-ice HO and D,0. The solid curve plotted over the D,O data is

the spectrum for H,O sample, energy scaled by N (E=E/\/_2- ).

Fig. 3. The INS spectra (H,O) for hda-ice measured on HERMECS, and for ice Th and ice-VI

measured on HET [6] in the energy range up to 450 meV (including intramolecular vibrations).
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Fig. 4. The INS spectra for (D20)09(H20)0,; measured on HERMECS for hda-ice and on HET

for ice-Ih [7]. The solid curves are the polynomial smoothed data.
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