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The laser light scattering microscopy under the total internal
reflection condition allowed one to do in situ measurements of
individual W/O microemulsions of aerosol OT (AOT) formed
spontaneously at a dodecane/water interface in a thin-layer
two-phase microcell. The instrument can detect the AOT micro-
emulsions being larger than 50 nm in hydrodynamic radius at
the interface and in the dodecane phase without any probe mole-
cules.

Commonly, reverse micelle is artificially made in organic
solutions containing surfactants by injection of water. The
reverse micelle possesses a water pool, and it can incorporate
hydrophilic compounds in the water pool. Its general size is in
a range of 4–20 nm, depending on organic solvents, water con-
tent, and surfactant concentration.1 On the other hand, solvent
extraction is one of the essential techniques for separation and
concentration of metal ions or organic compounds of lower mo-
lecular weight. Recently, it has been found that some biological
macromolecules, such as proteins or DNAs, are extracted into
organic phase by surfactants that form reverse micelles.2,3 The
reverse micelle formation and the incorporation of macromole-
cules in the extraction systems should occur in the liquid/liquid
interfacial region. The behaviors of reverse micelles at a hep-
tane/water interface were discussed with interfacial tension
changes,4 but there have been no reports on in situ microscopic
measurement of behaviors of individual reverse micelles near
the interface. The reason would be that reverse micelle at the
interface is believed to be too small to be detected by optical
microscopy.

A liquid/liquid interface is easy to disturb physically and
hard to fix spatially. Thus, microscopic measurements for the
interface have been hard to do. A thin-layer two-phase microcell
shown in Figure 1a is a recent breakthrough to overcome the
difficulties;5 a stable and flat liquid/liquid interface is prepared
in it, and it enables one to measure the interface by in situ optical
microscopy with high magnification.

Aerosol OT (AOT; sodium diisooctyl sulfosuccinate) is one

of the typical surfactants that form reverse micelle in some or-
ganic solvents, and it can extract proteins into organic solvents.2

The present study focuses on the detection of individual AOT
reverse micelles near the dodecane/water interface by in situ
optical microscopy without any probe molecules for the first
time.

AOT (purity � 99%) was purchased from Fluka. Dodecane
(extra pure grade, Nacalai) was used after purification by passing
through a silica-gel column. Water was purified with a Milli-Q
system (Milli-Q SP. TOC., Millipore). The initial AOT concen-
tration in dodecane solutions ([AOT]dod,i) was in a range of 8:0�
10�6–1:0� 10�4 M (1M = 1mol dm�3). No water was added
to the AOT solutions.

Figure 1b shows a schematic illustration of the used instru-
ment system that includes an inversed microscope (IX-51,
Olympus) with a 40� objective (SLCPlanFl, NA 0.55, Olym-
pus) and a CCD camera (WAT-100N, Watec). The thin-layer
two-phase microcell was made by a similar way to the previous
study.5 After a lower depression (1mm in depth) of the microcell
was filled with pure water, an upper one (1mm in depth) was
filled with the AOT dodecane solution quietly, and then the mi-
crocell was closed with a coverslip. In case of laser irradiation, a
rectangle glass prism (BK-7, 1� 1� 1 cm) was placed on it
through index matching oil. The interface was irradiated with
the second-harmonic light (532 nm, 5mW; JST-5, Light Vision)
of cw-Nd:YAG laser after it was focused by a lens (12mm in
focal length), which narrowed the width of the laser beam to
about 10mm at the interface. The incident angle was set to
73�, which was larger than the critical angle of the dodecane/
water interface (69�). All the experiments were carried out at
20� 1 �C.

The spatial resolution of an optical microscope is restricted
by the diffraction limit of light (�x), which is calculated with
�x ¼ �/(2NA), where � is the wavelength of probe light and
NA is the numerical aperture. With a 500 nm light, �x is about
450 nm with the objective (NA 0.55). First, the dodecane/water
interface containing AOT was observed by the microscope with
illumination light (in normal bright field mode). An almost ho-
mogeneous picture was obtained at and near the interface, mean-
ing that there were no substances larger than �x. On the other
hand, Figure 2a was obtained with scattered laser light; there
were many particles scattering laser light. The spatial resolution
of the laser light scattering microscopy is also restricted by �x,
but substances smaller than �x are detectable. These facts mean
that the scattering particles in Figure 2a were smaller than �x,
and thus their size was not determined from the image directly.
Several small bright circles in Figure 2a corresponded to parti-
cles in focus, whereas larger circular images with interference
fringes corresponded to those out of focus. The focal depth
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Figure 1. Schematic illustration of (a) the thin-layer two-phase
microcell and (b) total internal reflection laser light scattering
microscopy at the interface. The upper phase is dodecane and
the lower one is water.
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was about 1mm for the present microscopic system. By changing
the position of the focal plane, the existence of scattering parti-
cles was examined. At the beginning the particles were found
only at the interface, but later they also existed in the dodecane
phase near the interface.

No scatterers were observed at a bear dodecane/water inter-
face without AOT or in a dry dodecane solution of 1:0� 10�4 M
AOT. Some batch experiments on a large scale by Karl–Fisher
titration showed that the water concentration in the AOT dodec-
ane phase increased with time after contact with water, indicat-
ing that the scattering particles contained water. The following
sections will show that the particle size is 50–250 nm, and thus
the particle is usually named water-in-oil (W/O) microemulsion.
These AOT microemulsions were formed at the interface spon-
taneously and diffused away into the dodecane phase.

The microemulsions showed three-dimensional Brownian
motion in the dodecane phase. Their hydrodynamic radius (rh)
was evaluated from the analysis of the Brownian motion.6 The
displacement (�d) of individual microemulsions in the dodec-
ane phase at about 10–60mm above the interface during one vid-
eo flame period (33ms) was obtained, and the sum of squared
moving displacement (�ð�dÞ2) was calculated as a function of
time interval (�t). An example of plot between �ð�dÞ2 and
�t is displayed in Figure 2b. The plots of other microemulsions
also show proportional relationships with high correlation
coefficients (�0:99), from which their diffusion coefficient (D)
was determined with �ð�dÞ2 ¼ 4Dð�tÞ.6 The Einstein–Stokes
relation is D ¼ kT=ð6��rhÞ, where k is Boltzmann constant, T
temperature, and � dodecane viscosity. The detection limit of
the microemulsion for the present microscopic system is about
50 nm in rh.

At ½AOT�dod,i ¼ 1:0� 10�4 M, rh of the microemulsions
was determined to be 140� 60 nm (mean � standard deviation;
data number 18), which barely depended on time in a range of
30–100min. The microemulsions were formed at ½AOT�dod,i �
2:0� 10�5 M, and the decrease in [AOT]dod,i resulted in smaller
size and lower number density of the microemulsion. No micro-
emulsions were observed at ½AOT�dod,i � 1:0� 10�5 M at any
time, but reverse micelles smaller than the detection limit would
be formed. The present results mean that the size of the micro-
emulsions formed at the dodecane/water interface spontaneous-
ly is determined naturally, which would depend on the AOT
concentration in the dodecane phase.7 In situ measurements of
the individual W/O microemulsions formed in the extraction
system have not been reported so far.

Many microemulsions were formed just after the interface
preparation, but the moment of their formation could not be

observed. Some interfacial convections occurred at the same
time, which was recognized by a movement of microemulsions
in one direction. The frequency of the formation and the degree
of the convection decreased with the elapse of time. These facts
suggest that the convection can cause some interfacial fluctua-
tion, leading to the formation of microemulsions, as shown in
Figure 3. Also, the convection may hinder the observation of
the moment of AOT microemulsion formation.

The microemulsions did not shrink, nor were they fused
each other in the dodecane phase; they only diffused. However,
several microemulsions vanished at the interface within one
video flame (33ms) as shown in Figure 4. This process was
the only manner that the microemulsions vanished. The total
internal reflection technique selectively catches the phenomena
in the dodecane phase and at the interface. Thus, the sudden
vanishing corresponds to physical collapse, that is, a fusion with
the interface, as shown in Figure 3.

The extraction of proteins with AOT was commonly done at
a high AOT concentration, such as 0.2M,2 and the microemul-
sions should be formed in such an extraction system. Therefore,
the extraction of biological macromolecules would be deeply re-
lated to the microemulsions formed at the liquid/liquid interface
found in the present study. Further investigations on their forma-
tion mechanisms or incorporation of biological macromolecules
at the liquid/liquid interface are now done from a microscopic
viewpoint.
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Figure 2. (a) Microscopic picture in the dodecane phase at
28mm above the interface at 100min after the interface prepara-
tion with scattered laser light. ½AOT�dod,i ¼ 1:0� 10�4 M. (b) A
plot between �ð�dÞ2 and �t for one AOT microemulsion in the
dodecane phase. ½AOT�dod,i ¼ 1:0� 10�4 M.
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Figure 3. Schematic illustration of the formation and collapse
of the W/O microemulsions of AOT in the dodecane/water
interfacial region.
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Figure 4. Continuous microscopic pictures with scattered laser
light at the dodecane/water interface at 20min after the interface
preparation. The upper-right microemulsion existed in the first
and second pictures, but it did not exist in the third picture.
[AOT]dod,i was 5:0� 10�5 M.
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