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Modulating coalescence timing of liquid marbles via wettability adaptation
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Droplet coalescence is a common phenomenon in nature, playing an important role in various industrial and biomedical
applications. While uncoated droplets merge upon contact, droplets that are covered with liquid-repellent particles known as
“liquid marbles (LMs)” do not coalesce in the same way. Previous work has explored how the particle layer can be triggered to
break using external stimuli to control the timing of coalescence. However, programming the timing of droplet coalescence
without such stimuli has been difficult. In this study, we present LMs designed to break their particle layers at pre-set times. The
particles have a core that is wettable and are connected to a low-wettability flexible molecular chain that gradually increases in
wettability over time. This time-dependent change in wettability arises from how the molecular chain adapts, making it a
repeatable process whose speed can be managed by adjusting the chain length. As a result, these LMs can reveal their bare
droplet surfaces at predetermined times, allowing control over coalescence from 2 to 45 minutes without needing external
stimuli. Additionally, the ability to combine the particles allows for precise adjustments of the coalescence timing, achieving
resolutions of about one minute. Moreover, the interaction between multiple LMs with varying adaptation times facilitates
cascade droplet coalescence, paving the way for new methods of droplet manipulation.
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Scheme depicting the automated coalescence of LM on a superbydrophobic surface with a programmed coalescence time, where
Cassie-Wenzel transitional speed in particle scale and water adaption in molecular scale influenced the coalescence time of LM
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