Active Matter Alters the Growth Dynamics of Coffee Rings
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Abstract: We show that bacterial mobility starts playing a major role in determining the

growth dynamics of the edge of drying droplets, as the droplet evaporation rate slows down.

OCIS codes: (000.2190) Experimental Physics; (000.6590) Statistical Mechanics; (180.1790) Confocal microscopy;
(350.4990) Particles

How particles are deposited at the edge of evaporating droplets, i.e. the coffee ring effect [1-5], plays a crucial
role in phenomena as diverse as thin-film deposition, self-assembly, and biofilm formation. Recently,
microorganisms have been shown to passively exploit and alter these deposition dynamics to increase their
survival chances under harshening conditions [6-10]. Here, we show that, as the droplet evaporation rate slows
down, bacterial mobility starts playing a major role in determining the growth dynamics of the edge of drying
droplets. Such motility-induced dynamics can influence several biophysical phenomena, from the formation of
biofilms to the spreading of pathogens in humid environments and on surfaces subject to periodic drying.
Analogous dynamics in other active matter systems can be exploited for technological applications in printing,
coating, and self-assembly, where the standard coffee-ring effect is often a nuisance.
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Figure 1: Stain at the end of evaporation with and without bacteria. Stain left behind by a droplet (a,b) after fast evaporation (~5 min)



and (c,d) after slow evaporation (~30 min). The droplet is made of a buffer solution containing colloidal particles (polystyrene microsphere,
diameter 2R = 3.00 £ 0.07 um) (a,c) without and (b,d) with motile bacteria (E. Coli). The plot below each panel shows the optical density of
the deposit along one droplet’s diameter (dashed line in (a)) as calculated from the image inverted gray scale. (a,b) For fast evaporation, both
stain share similar features. (c,d) For slow evaporation, the stain of the droplet containing bacteria features higher uniformity than all other
cases. From [11]

Figure 2: Growth dynamics at the edge of drying droplets. Edge of a drying droplet of motility buffer containing (a) only colloidal
particles, (b) colloidal particles and motile bacteria, and (c) colloidal particles and non-motile bacteria. The shaded area represents the
already formed border, and the colid lines show the trajectories of some particles recorded over the preceding 60 s. In (b), because of the
presence of motile bacteria, the particle trajectories are more complex and also feature events where a particle escapes the boundary after
having reached it. The scalebar corresponds to 20 pm. From [11]
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