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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

where t is the sample thickness, λ is the inelastic mean free path of the sample, and I0 and It 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



Image processing and nanocrystal quantification

ImageJ
MATLAB



Growth of nanocrystalline ice from amorphous ice



The structure of the ice Ic+h domain



Growth dynamics of ice nanocrystal polymorphs



The crystalline/amorphous ice interface



Molecular configuration properties at solid-liquid interfaces of 
ice polymorphs



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.

• Ic domains are relatively small in area and exhibit limited growth, whereas hetero-

crystalline, or Ic+h 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 Ic crystals do not exhibit significant 

differences in the density or structure compared to bulk water, the fast-growing 

prismatic planes of ice Ic+h 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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