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Understanding the freezing of water on surfaces at the nanoscale to control ice formation at 
the macroscale
Albert Verdaguer
ICN2 - Institut Catala de Nanociencia i Nanotecnologia, Spain

Freezing of liquid water at the troposphere is usually activated by a particle or surface, in a process called heterogeneous 
nucleation. The water-surface interactions determine the efficiency of a surface to induce ice nucleation. Researchers have 

been searching for materials to efficiently control ice nucleation. Although the phenomenon has been studied for decades, its 
molecular basis remains poorly understood. Thanks to the development of scanning probe microscopy (SPM), the structures 
of water films on surfaces have begun to be determined at cryogenic temperatures (in vacuum) conditions and under ambient 
conditions. By studying water structures on surfaces at ambient conditions, we aim to establish whether the surface properties 
believed to enhance ice nucleation are relevant for efficient surface ice nucleation at the macroscale. These studies should help 
researchers to identify and predict the properties-and by extension, the substrates-that most efficiently nucleate ice. Our group is 
currently endeavouring to advance knowledge in this area as well as to exploit state-of-the-art self-assembled monolayer (SAM) 
technology to fabricate coatings that can convert a surface into an efficient ice nucleator.
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