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Supercooling of Water Confined in Reverse Micelles

 Investigation of soft confined water
 System: water-in-oil droplet microemulsion

 2 Rw = 10 - 100 Å

  AOT


 oil
H2O

Experiments

 Structural Characterization of the micelles at low temperature:     
Small Angle Neutron Scattering
 Investigation of the freezing on a ns-timescale:                            
Elastic fixed window scans on Neutron Backscattering
 Dynamics of the confined water:                                                        
Inelastic Neutron Scattering: Time-of-Flight and Backscattering
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Motivation and Recent Results: Due to its biological relevance water in confinement has be subject of studies
for many years now [2]. Still there are many open questions to be answered especially about he properties of
water in the supercooled regime. Confinement is known to depress the freezing point of the confined liquid [1].
Only in the last years one discovered that microemulsions are attractive systems for the investigation of water
in soft confinement [6]. In the present study we propose to examine the ternary mixture of water, AOT, and oil
which forms a droplet phase over a wide range of compositions. Small spherical water droplets surrounded by
a monolayer of AOT are dispersed in the oil matrix. As the size of the droplets depends to a first approximation
only on the molar ratio ω of water to surfactant molecules one can continuously change the droplet diameter.
The freezing behaviour of water confined in reverse micelles has recently been investigated with contradictory
results. Our findings of a size dependent supercooling [5] confirmed results by [3] who found a stronger super-
cooling for smaller micelles. Contrary to this a constant size independent supercooling of about 35 K is reported
in literature [4]. For the interpretation of these former experiments the structure of the microemulsion was as-
sumed to be as around room temperature. No direct investigation of the droplet size has been made. During the
experiment 6-02-403 we investigated for the first time this ternary microemulsion in the range of temperatures
where the confined water exist in the supercooled state. In this experiment we measured microemulsion systems
with different droplet sizes down to 220 K. This is to our knowledge the first time that the microemulsion struc-
ture has been investigated at such low temperatures. We found the droplets to be stable down to temperatures
much below the freezing point of bulk water. Figure 1 shows a three dimensional plot of a shell contrast mi-
croemulsion. For all samples measured the droplet structure was maintained down to temperatures below 270 K.

Figure 1: : Temperature dependent scattering of d-Toluene/AOT/D2O with ω = 8 and droplet volume fraction
Φ = 0.2 (water radius at room temperature Rw ∼12Å). Note the change around T = 250K.

In figure 2 scattering curves for d-Toluene/AOT/D2O with ω = 8 and Φ = 0.2 at three different temperatures
are shown. The solid lines are fits to the described model. To the right are shown the radius and polydispersity
as a function of temperature. Between 290 K and 255 K the microemulsion consists of droplets with a water
core radius of about 12 Å. In a small temperature interval between 255 K and 250 K the radius of the droplets
decreases to about 6 Åwhile the polydispersity shows a peak which is a clear sign for a phase transition. From
elastic scans performed on IN16 and In10 we found that for droplets with this size freezing of the confined water
occurs around the temperature [5] of the phase transition found with SANS. This experiment reveals now that part
of the micelle confined water is expelled and freezing while a remarkable amount of water stays inside the micelle
(the water radius is still 6 Åafter the transition). This remaining water seems to be strongly bound to the AOT
head groups and thereby hindered from freezing. This is a striking result which opens up a way to investigate
water that is strongly supercooled and confined in a very well defined geometry.
For dynamical investigations on the reverse micelle confined water is is crucial to have a detailed knowledge
about the structure. The last experiment has been limited to a rather high volume fraction of droplets of Φ = 0.2.
This droplet density has been chosen because the very same sample compositions have been the subject of our
inelastic experiments (report Inter-97). For structural investigations low volume fractions are much better suited.

Proposed Experiment: We ask for two days beam time on D22 with cryostat to extend the phase diagram
of the ternary microemulsion consisting of AOT, water and toluene (heptane) to temperatures below the freezing
point of bulk water. We want to measure the temperature dependent form factor of the AOT, d- tolune (d-heptane),
d-water droplet microemulsion (shell contrast). Samples with different droplet sizes will be prepared with ω rang-
ing from 3 to 12 and droplet volume fraction Φ = 0.02. Samples will be cooled down from room temperature to
the freezing temperature of the oil matrix (180 K for both toluene and heptane) and heated again back to room
temperature. The temperature will be changed about 0.5 K/min for cooling and about 1 K/min for heating, si-
multaneously neutrons will be counted with the large angle setting (2 m detector distance, λ= 6 Å) (From earlier
experiments we expect 10 minutes this to be sufficient for shell contrast samples with this concentration). At the
highest and lowest temperature we will pause the temperature ramp to change to the small angle setting and to
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Droplet structure is stable down to                                                                      
where the water is deeply supercooled

Smaller droplets are stable down to                                                                 
lower temperatures

Stronger supercooling of water confined                                                                  
in smaller droplets

Confined water is strongly                                                                              
slowed down                                                                   


