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Relationships and transformations between the amorphous ices
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The precise temperatures and pressures
depend on the experimental conditions;

for example, the conversion of ice Ih to HDA
occurs up to ~130 K.
Metastable materials are shown in blue.
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« Amorphous ice film preparation
« Energy-filtered transmission electron microscopy for measuring ice thickness
» Ice characterization with electron diffraction

* Results and discussions



Amorphous ice film preparation
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Energy-filtered transmission electron microscopy for
measuring ice thickness
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Supplementary Fig. 1: EFTEM analysis for amorphous ice thickness measurement.

a EFTEM image of a carbon film hole with a free-standing amorphous ice film in the region
inside the hole (Scale bar = 200 nm). Each pixel is color-mapped based on #/A values. The
thickness 7 is calculated based on the inelastic mean free path value of ice 287 nm at 200 keV.
b Histogram of ice thickness values obtained for each pixel located inside holes, taken from
multiple holes.

A l

where t is the sample thickness, A is the inelastic mean free path of the sample, and |, and |, are the zero-

loss intensities and the total intensities respectively. The inelastic mean free path value for ice at 200 keV,
which is 287 nm



Ice characterization with electron diffraction
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Image processing and nanocrystal quantification
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Growth of nanocrystalline ice from amorphous ice
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The structure of the ice | _,,, domain
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Growth dynamics of ice nanocrystal polymorphs
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The crystalline/amorphous ice interface
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Molecular configuration properties at solid-liquid interfaces of
ice polymorphs
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Fig. 5 | Molecular configuration properties at solid-liquid interfaces of ice simulations. Low-density regions at the interface are emphasized with red shading.
polymorphs. a Molecular arrangement and density profiles of H;O molecules at b Radial distribution function and c tetrahedral order parameter analysis of inter-
solid-liquid interfaces in proximity to ice I; (first column), ice I, (second column), facial H,O molecules adjacent to ice I (first column), ice I, (second column), and ice
and ice I..y, (third column) in relation to the different ice planes, obtained from MD I, (third column) facets.




Conclusions

 Cryo-EM and MD simulations are used to track the early-stage growths of individual
ice nanocrystal polymorphs in an ice film of nanoscale thickness to reveal their
distinct growth dynamics and interfaces in the early stage of ice crystallization.

* |, domains are relatively small in area and exhibit limited growth, whereas hetero-
crystalline, or |_,;, domains undergo continual growth.

« This growth anisotropy is attributed to the distinct densities and structures of
interfacial regions of growing nanocrystals.

 While water molecules near growing ice |. crystals do not exhibit significant
differences in the density or structure compared to bulk water, the fast-growing
prismatic planes of ice |, reveal the presence of a quasi-ice interface, a region that
may correspond to LDL, with higher tetrahedral order and lower density than liquid

water.
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