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Summary

Evaporating liquid droplets are omnipresent in nature and technology, such as in inkjet printing, coating, de-
position of materials, medical diagnostics, agriculture, food industry, cosmetics, or spills of liquids. While the
evaporation of pure liquids, liquids with dispersed particles, or even liquid mixtures has intensively been studied
over the last two decades, the evaporation of ternary mixtures of liquids with different volatilities and mutual
solubilities has not yet been explored. Here we show that the evaporation of such ternary mixtures can trigger a
phase transition and the nucleation of microdroplets of one of the components of the mixture. As model system
we pick a sessile Ouzo droplet (as known from daily life - a transparent mixture of water, ethanol, and anise oil)
and reveal and theoretically explain its four life phases: In phase I, the spherical cap-shaped droplet remains
transparent, while the more volatile ethanol is evaporating, preferentially at the rim of the drop due to the singu-
larity there. This leads to a local ethanol concentration reduction and correspondingly to oil droplet nucleation
there. This is the beginning of phase II, in which oil microdroplets quickly nucleate in the whole drop, leading to
its milky color which typifies the so-called ’Ouzo-effect’. Once all ethanol has evaporated, the drop, which now
has a characteristic non-spherical-cap shape, has become clear again, with a water drop sitting on an oil-ring
(phase III), finalizing the phase inversion. Finally, in phase IV, also all water has evaporated, leaving behind a
tiny spherical cap-shaped oil drop.
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1. Introduction

A coffee drop evaporating on a surface leaves behind a roundish stain. This so-called ’coffee-stain-effect’ has
become paradigmatic for a whole class of problems, and nearly 20 years after Deegan et al. [1] presented it to
the scientific community, still various questions are open and the problem and its variations keep inspiring the
community. What happens when an Ouzo drop is evaporating? The Greek drink Ouzo (or the French Pastis
or the Turkish Raki) consists of an optically transparent ternary mixture of water, ethanol, and anise oil. When
served, often water is added, leading to the nucleation of many tiny oil droplets, which give the drink its milky
appearance. This is the so-called Ouzo-effect [2]. The reason for the Ouzo effect lies in the varying solubility
of oil in ethanol-water mixtures: With increasing water concentration during the solvent exchange (i.e., water
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Figure 1: Experimental snapshots during the evaporation of an ‘Ouzo’ drop on a flat surface. The initial volume
of the drop is 0.7 µL with an initial composition of 37.24% water, 61.06% ethanol and 1.70% anise oil (a
mixture we refer to as ’Ouzo’) in terms of weight fractions. (A) At early times, the Ouzo drop is transparent
and has a spherical-cap shape. (B) A color transition arises as a result of the Ouzo effect, i.e. the nucleation of
nano- to micro-sized oil droplets, which are convected by the flow inside the Ouzo drop. The scattering of light
at the nucleated microdroplets leads to the milky coloring of the drop. (C) The Ouzo drop loses its spherical cap
shape due to the appearance of an oil ring. The complex transitions from (A) to (C) happen within two and half
minutes, a short time compared to the whole process. (D) The Ouzo drop is transparent again. Oil microdroplets
in the bulk grow big enough to sit on the surface or directly merge with the oil ring by convection. (E) After
around 14 minutes of evaporation, only anise oil is left, now in a spherical cap shape again.

being added), the oil solubility decreases, leading to droplet nucleation in the bulk and – if present – also on
hydrophobic surfaces (so-called surface nanodroplets) [3, 4]. As we will see in this paper, also this problem can
become paradigmatic, due to its extremely rich behavior, now for the evaporation-triggered phase separation of
ternary liquids and droplet nucleation therein.
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