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A note on producing supercooled water in the laboratory

I. Amisaday Zarco-Delgado, and H. N{Nez-Yepez

Departamento de Sica, Universidad Adnoma Metropolitana,
Unidad Iztapalapa, Apartado Postal 55-534, Iztapalapa 09340 CDMX.
e-mail: zamisaday@gmail.com; nyhn@xanum.uam.mx

A. L. Salas-Brito

Laboratorio de Sistemas Damicos, Departamento de Cienciagdicas, Universidad AGhoma Metropolitana,
Unidad Azcapotzalco, Apartado Postal 21-267, Coyoa@4000 CDMX.
e-mail: asalasbrito@yahoo.com; asb@azc.uam.mx

Received 15 January 2021; accepted 9 March 2021

As we lower the temperature of water at a certain point it changes from liquid to solid. Yet under certain conditions it is possible to keep the
water in a non-equilibrium liquid-like phase callsdpercooled watethus avoiding solidification. In such a state water may freeze under the
tiniest perturbation (as stirring it a little). The existence of supercooled water is usually known to students since the introductory courses, but
it seems difficult for them to attest such a water state in an undergraduate laboratory. A simple method for supercooling water is, however,
readily available. It is this short paper aim to describe such a method in a form that may be performed in any elementary laboratory.
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Introduction well below its standard freezing point 2r3.15 K (or 0°C).
Instead, it forms a curious substansepercooledvater, oth-

Supercooled liquids, in particular water, have a long historyerwise calledindercooledr subcooledwater. In fact, freez-
dating back perhaps to the work of Joseph Black in the XVlllers can sometimes cool soft drinks to a supercooled state so
century [1]. that when they are opened form a kind of slush. Most people

Such liquids have a rich phenomenology which is still far have witnessed this phenomena at home. Supercooling has
from being completely understood. Water may enter the sumany uses, for example it has been successfully applied to
percooled phase, that is, it still may be behaving as a liquidorgan preservation at hospitals: livers that were later trans-
planted into recipient animals were preserved by supercool-
ing for up to 96 hours (4 days), quadrupling the limits of what
could be achieved by conventional methods.

For most substances, the melting and freezing points oc-
cur at the same temperature. However, certain substances
possess differing solid-liquid transition temperatures. For ex-
ample, agar (agar, also called agar-agar, a gelatinous sub-
stance obtained from various kinds of seaweed and used in
biological culture media or in foods) displays hysteresis in its
melting and freezing points: it melts at 85 (or 358.15 K)
and solidifies at 32C (or 305.15 K). The properties of super-
cooled water may be also used to explain the winter dwellings
of aquatic insects [2]. However, we do not address such mat-
ters in this work, requiring avanced explanations and a much
more elaborate experiment for a basic undergraduate physics
course. Though the idea of such a metastable water state is
quite analogous to the equilibrium that may be reached by
a broom-stick standing upright on the floor for one instant
before falling down.

The crystallization of pure water usually begins at a lower
temperature than the melting point, freezing does not start
until the temperature is low enough to allow the formation
FIGURE 1. Joseph Black shortly before his death in 1799. of nucleation points, that is, small sites in which the freezing
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process may start. The melting point of water at one atmo-
sphere of pressure is very close tQXor 273.15 K), and in
the presence of nucleating substances, the freezing point of
water is close to its melting point. In the absence of these, wa-
ter may supercool te-40°C (~ 233 K) before freezing [3-7].
Anyhow, our aim here igot to discuss in any detail the prop-
erties of water at low temperatures, it is just to describe in the
most direct way possible a method for obtaining supercooled
water in an undergraduate laboratory [8]. Our method was
found while trying to exhibit whether hot water may freeze
quicker than cold, that is, in an activity intended to show the
feasibility of the Mpemba effect [9-11]. What it is known
is that supercooled water occurs in a variety of natural set-
tings, including clouds, where liquid water has been observed
at temperatures approachirgl0°C (233.15 K)! [5]. Water
enters the supercooled phase when its temperature reaches
below its freezing point &°C (or 273.15 K) still behaving  FIGURE 2. The experimental arrangement: cans with water sur-
like a liquid. Other differences with standard liquid water rounded by salted crushed ice and a mercury laboratory thermome-
is the manifest increment in the viscosity of the supercooleder for measuring the temperature of the ice.
liquid which may be appreciated even visually as it adquires
a jelly-like oily aspect—similar to the appearance of very cold
vodka, see Fig. 3. - -
Once done with the preliminaries, the very sim-
ple procedure proposed for getting supercooled water
in an elementary lab is detailed in the next section.
You may see the process in the student taken video in
https://www.youtube.com/watch?v=Xs1UtlmL
OVwwhere some of the points mentioned above may be seen.
The properties of supercooled water are hence of interest to
both scientists and engineers. Supercooled water may be eas
ily created in an elementary laboratory as we detail in what
follows.

How may we produce supercooled water?

The process for obtaining supercooled water in the labora-
tory is particularly simple. For preparing the samples for
the experiment, we collect 200 ml of tap water in aluminum
cans—of the kind used for baking. In one of the cans we
add 200 ml of room temperature-(20° C) tap watef; to

the other, we add water at P4C. Take into account that the
experiment was performed in Mexico City where water boils FIGURE 3. Supercooled water.

at approximately 96 C as a result of the city’s altitude of

roughly 2240 m). The cans were next put inside two cilin-Say here was performed by undergraduates working in a
drical metallic trays filled with crushed ice heavily sprinkled teaching lab— we have not an explanation of this fact, unless
with salt which reached a minimum temperature-df2° ¢~ We believe in the great purity of the University’s tap water.
—as measured with a mercury laboratory thermometer. The With this simple arrangement we observe the almost in-
temperature of the cans was measured every 2 minutes usigéantaneous freeezing of the water surface on reacdhiing

two of these thermometers left inside cans. See Fig. 2 for-4.2° C, while the rest of the water adquired a sort of jelly-
the experimental set up, Fig. 3 for a photograph of a sampléke texture before freezing. In fact, in these conditions the
of supercooled water, and Fig. 4 f@t vs time plots of the supercooled liquid became solid upon any perturbation, for
experimental results. The choosing of tap water introducegxample, as a result of moving the can or perturbing it with
an interesting query, as it is known that the supercooling prothe thermometer. You may see this effect in the student taken
cess depends strongly on the purity of the water sample. Weideo referred to above or in Fig. 3.

have not observed any effect of this kind [3, 4] in the several We should mention the sudden rise in temperature that
experiments the students have conducted —but, everything weecurs on freezing, the temperature of the sample rises from
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T bt T ATt e Wl e terest in studying supercooled water is perhaps the light that
305p — without freezing (Hot water) it can shed on the nature of liquid water and we cannot forget
— Subcooled water the various applications of the phenomenom from the purely

300 K A A L
* iappearance of thephenomenon amusing as in the spontaneous making of slurs in iced soft

----- 273K=0°C drinks, to the serious medical ones as in preserving organs
for transplanting. Such uses makes supercooling important
for both technology and physics teaching.

Keeping water in its supercooled regime may depend on
various factors such as the purity of the sample and the ab-
- sence of external mechanical or thermal perturbations. How-
------------------------------------------------------------ ever, at certain thermodynamic conditions water cannot be
s t (min] kept supercooled anymore and two possible outcomes of the
o o o supercooled phase may occur: a) ice crystallization or b) a
FIGURE 4. Temperature variation with timéemperature is given  gja55 transition. In the first case, a first order phase transi-
in kelvin while time is in minutesThe point marked with a black 0 rom liquid to solid takes place and nucleation drives the
dot shows the state where the photograph (Fig. 3) of the super;. . . . -
cooled state was taken. Incidentally, the intersection of the hot an iquid |n_ the stable. 'C? phase. ln. the second, through a rapld
cold water lines before freezing exhibits that in this experiment thequem:h,mg 9f the liquid to a sufficiently low tgmperature ice
Mpemba effect does indeed occur. nucleation is prevented. The supercooled liquid reaches a

state where the molecules are structurally arrested: the lig-
T, = —4.2° Cto Ty = 0° C [3,4]. This sudden rise is not uid becomes a glass. Giving the elementary nature of the lab,
shown in any of the plots displayed in this paper. we never attempted to verify in any way the properties of the

The time it takes to lower the water temperature, that issupercooled water obtained.
the time interval in which the water reached its freezing point ~ The supercooling of water also gives rise to a conundrum
was from 5 to 6 minutes. since a rain drop in winter freezes from the outside in and

Giving the surprising outcome of our proposed activity hence it presents a difficulty: the expansion of water upon
for cooling water, we remark again that water has indeed refreezing is incompatible with self-confinement by a rigid ice
markable physical properties that differ from most other com=shell. This problem was recently solved in [12] where it is
mon liquids. In the ambient temperature regime, in which weargued that the phenomena may be prevented by the effect of
may classify our proposed method, its properties already desurface tension in submillimetric (sizes below /&) water
viate from those of any other simple liquid. We may assertdroplets which prevents the disruptive expansion. Another
that water is one of the most interesting materials in the uniProblem, noticed by us, is the apparent lack of dependence of
verse both in its solid as well as in its liquid phase. Waterthe supercooling process with the purity of the water sample,
is a material that we see a lot and hence it mosﬂy does n&t least if we take into account that the tap water at the Uni-
cross our mind that water is rather special. Let us mentioyersity undergraduate laboratories may not be the purest and
here a few of its propertieS, marked|y diﬁering from Compa_that the substances diluted in it may Change a little on a dally
rable materials, a) water has a high melting point, b) it has &F @ weekly basis.
high boiling point, c) high surface tension, d) high viscosity ~ The experimental results obtained may be regarded as
(that moreover decreases with increasing pressure), e) dupart of what makes water so important for the existence of life
ing melting it increases its specific density, f) betweetc0  on Earth and for the amusement of scientists. Whatever the
and 4°C its density increases with temperature, and g) it carfase may be, we think this method for obtaining supercooled

be supercooled in the form of small drops until it reachesvater was quite interesting for all the students attesting it.
—70°C [4, 6]. One of the objectives of this work is to exhibit the easiness

in which we can perform experimental activities with rather
) unexpected results even in undergraduate labs. Such unex-
Conclusion pected outcomes may contribute to motivate scientists or en-

) o ] gineers in the making to select the experimental approach for
We have described in this work a very simple method for obyhe study of nature.

taining supercooled water in an undergraduate laboratory and
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;. Starting here, we stop using bothC and K to give tempera- 6.
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