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Multi-component liquid mixtures can be both complex and fascinating, with some systems being amenable to simple
experimentation at home, giving valuable insight into fundamental aspects of bulk and interfacial phase behaviour. One
particularly interesting mixture is the popular drink ouzo, which has charmed both the general public and scientists
by virtue of its ability to display spontaneous emulsification when water is added. When these two clear (and potable)
liquids are poured into each other, a single milky-coloured liquid is formed. In previous work [Archer et al., Soft Matter
20, 5889 (2024)], the equilibrium phase-diagram for the stable liquid phases of ouzo was captured via experiment and
modelling. Here we consider the case when the two liquid phases also coexist with the vapour phase (i.e. along a
line of triple points) and within our model uncover the complex bulk phase behaviour for this simple beverage. As a
consequence, this leads to some interesting observations, that also apply more widely, about visualising phase diagrams
in ternary systems of this type. We also examine the interfacial behaviour, connecting microscopic density functional
theory results with macroscopic (Neumann) predictions for the shape of droplets at interfaces.

I. INTRODUCTION

Immiscible liquids can exhibit behaviour which is both
beautiful and educational. One simple experiment that can
be done in a kitchen is to study the spreading of oil on water,
or on the surface of other liquids. Indeed, a number of the au-
thors have done precisely this in their kitchens, see Fig. 1(a)
and (b). Theoretical investigations of this and the underpin-
ning bulk fluid phase behaviour can also be done in the home
environment, by making sure the necessary computations can
be done on a personal laptop. Here, we combine both ap-
proaches.

A small drop of oil on a liquid such as water, or some other
liquid with which the oil is immiscible, forms a character-
istic lens shape, with the angles of the surfaces at the con-
tact line determined by the Neumann triangle39. This exper-
iment is relatively easy to do, although sometimes challeng-
ing to image due to the meniscus at the container’s wall, and
is an instructive route to understanding liquid interfacial ten-
sions. Moreover, understanding the properties of oil lenses on
water has applications in oil-spill clean-ups, and other such
applications31.

A particularly fascinating household liquid is the alcoholic
drink ouzo. Ouzo is essentially made of three components:
water, ethanol (roughly 60% and 40%, respectively) and a
small amount of trans-anethole that gives the drink its aniseed
flavour (alongside some other botanicals). A key reason for
why it can fascinate and delight (beyond its primary purpose
as an enjoyable alcoholic beverage), is that ouzo from the bot-
tle is a clear liquid and when water (also clear) is added, the
combination spontaneously turns milky, as shown in Fig. 1(c).

In our previous work4, we focused on the phase diagram
for the liquid phases formed by the ouzo constituent compo-
nents, to begin to better understand the formation of (seem-
ingly stable) microscopic oil-rich droplets that visually cause

the milky ouzo effect45. This itself can have important
uses8,33, such as in the preparation of polymer nanoparticles
for drug delivery13,19,26, supraparticle assembly44 and micro-
droplet nucleation43. However, it is also interesting to study
the coexisting vapour phase, both from the point of view of
understanding the fundamental multiphase behaviour of such
a three-component system, but also as the vapour phase of al-
cohol products (and other volatile liquids), known as the head-
space, is of significant interest for measurement, analysis and
flavour perception42.

Under a finite but reasonably wide range of temperature and
pressure conditions, the three components (alcohol, oil and
water) combine into three distinct and coexisting phases: an
oil-rich liquid phase, a water-rich liquid phase, and a vapour
phase. Of course, at other temperatures and pressures, there
are also several solid phases, but we do not consider those
here. The three-phase coexistence of the fluid phases in the
phase diagram corresponds to a line of triple points39. All
three phases contain all three components, but in varying pro-
portions. Given the existence of these three stable phases,
it is possible to set up physical situations where they are all
present. One exemplar where all three phases are in contact is
that of an oil-rich liquid droplet sitting on a bath of the water-
rich liquid phase with the vapour phase above. There is then
a three-phase contact line around the droplet. The angles that
each phase equilibrate to with each other depend on their re-
spective surface energies/tensions and are termed Neumann
angles39. In this work we probe these coexisting phases and
their interactions to be able to predict these surface tensions
and angles from a conceptually simple mathematical model
based on classical density functional theory (DFT)15 applied
on a lattice. One of the appealing features of DFT is that it en-
ables one to relate the macroscopic thermodynamic and inter-
facial behaviour to the nature of the microscopic interactions
between the constituent molecules.




