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Cubic ice (ice Ic) as metastable solid phases of hexagonal ice (ice Ih) play a critical role in the nucleation 

of ice [1]. An ice Ic with a fully cubic crystal structure was obtained from ice XVII by Lorenzo Ulivi in 

2020 [2]. Nonetheless, the structure of ice Ic in nature is not pure cubic stacking but a mixture with 

hexagonal stacking and stacking fault due to the small free-energy difference of ice Ic and ice Ih. 

Although diffraction methods can efficaciously distinguish the two different phases in disorder ice [3], 

the stacking sequence can be directly obtained by TEM which is able to provide more detail of the ice Ic 

stacking fault. With the low-dose high resolution TEM (HRTEM), we observed the stacking fault 

structure from vaper deposition ice Ic in 100 K. By processing the atomic position information in the 

HRTEM images, the ice stacking sequence can be analyzed automatically. Under the low temperature 

condition, the cubic stacking is the dominant stacking model but the stacking direction is frequently 

interrupted and changed by the stacking fault during the growth of ice. 

 

The ice from vapor deposition at lower temperature has higher cubicity. Fig 1(a) is the selected area 

diffraction image of the low temperature deposition ice film formed on an amorphous carbon TEM grid. 

The diffraction pattern can be indexed by ice Ic, the distinct streaks indicate the existence of stacking 

faults in the ice film. From the dark field image Fig 2(b), the diffraction contrast and FFT image show 

that almost every ice grain contains serried stacking faults. The low-dose HRTEM image Fig 1(c) (total 

dose below 10
4
 e

-
/nm

2
) shows that there are two kinds of stacking faults in the ice stacking structure the 

growth fault and deformation fault. As shown in the structure schematic Fig 1(d), the growth fault is the 

stacking sequence of cubic stacking from ABC to CBA. Another is the deformation fault the cubic 

stacking is interrupted by the introduction of two hexagonal sequences. 

 

Using the Laplacian of Gaussian filter, the location of each spot of 50 water molecules layers is 

calculated and highlighted by the yellow circle as shown in Fig 2(a). There are 7 short ABC stacking, 8 

short CBA stacking, and 9 twin boundaries. The starting and ending positions of each stacking segment 

are marked by a different colored lines in the right box. We further calculated the 200 layers of ice Ic. As 

shown in the Fig 2(b), the 3 layers of continuous cubic stacking is the most common. Since the stacking 

fault in ice Ic can also be seen as introducing hexagonal ice stacking, which reduces the cubicity of low 

temperature growth ice Ic. The accurate stacking structure of ice Ic improve the understanding of the 

dynamic process of ice formation at low temperature such as out space and stratosphere [4]. 
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Figure 1. (a) Typical SEAD pattern of low temperature vapor deposition ice. (b) Dark filed image of ice 

with stacking faults. (c) HRTEM of two kinds of stacking faults. (d) structure schematic 

 

Figure 2. (a) HRTEM of 50 layers ice Ic and the stacking information. (b) Distribution of the cubic 

stacking length in 200 layers ice Ic. 
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