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Ice crystallization is a significantly important phenomenon in various scientific and industrial 

fields such as geology, cryobiology, and food processing. To investigate the mechanism of ice 

crystallization, a number of researchers have tried to observe the crystallization dynamics with 

controlling the ice nucleation in a spatial and temporal manner by utilizing external stimuli such 

as electric field [1] and ultrasound [2] so far. As a different approach, our group have 

demonstrated the precise spatiotemporal control of nucleation of various materials by utilizing 

impulses such as shockwave and cavitation bubble generation that are triggered by focused 

irradiation with laser pulses into liquids [3-5]. The laser-induced impulses were well-localized 

when the ultrashort laser pulses were used due to the multiphoton excitation, thus precise spatio-

temporal control of crystallization can be realized. Herein, we applied this laser method to 

spatiotemporal control of ice crystallization in supercooled water system and carried out the 

detailed observation of ice crystallization dynamics with a resolution of micrometers and 

microseconds. 

 

To trigger the ice nucleation, ultrashort laser pulse (pulse duration: 150 fs – 5 ps) obtained from 

a regeneratively amplified laser system were irradiated to the supercooled water system through 

an objective lens (10×, NA = 0.25 or 0.4).  Soon after the focused irradiation with a single laser 

pulse, a cavitation bubble was formed at the laser focus. It expanded and reached its maximum 

size (diameter: ~ 400 μm) at t = 24 μs. Then, the cavitation bubble started to shrink and finally 

collapsed. At the same time, long-lasting bubbles appeared and remained for least several 

hundreds of microseconds. Then generation of ice crystals were typically observed on these 

long-lasting bubbles. This optical approach can be used in any aqueous system if the container 

is optically transparent, thus we foresee that this method will be a practical tool for investigating 

the mechanism of ice crystallization under various environmental conditions (e.g., temperature, 

additives).  
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