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Résumé. — Nous avons étudié la structure de microémulsions eau dans huile au moyen de la biré-
fringence électrique transitoire. A faible concentration, on observe I'association des gouttelettes,
a concentration moyenne des fluctuations de densité dans le syst¢tme. Une composante négative,
rapide, est attribuée aux fluctuations des interfaces. Une étude plus compléte suivra ces résultats
préliminaires.

Abstract. — The structure of water in oil microemulsions has been investigated using transient elec-
tric birefringence. At low water concentrations, transient coalescence of droplets is observed. At
higher water concentrations, the Kerr signal probes density fluctuations. A fast negative response is
attributed to the relaxation of interfacial layers. Further work is under way to make these preliminary
results more quantitative.

1. Introduction.

Microemulsions [1] are transparent dispersions of oil and water, stabilized by the presence of
surfactant.

At low water content, X-ray and neutron scattering experiments [2] indicate that water in
oil (W/O) microemulsions are composed of dilute monodisperse spherical water droplets, dis-
persed in a continuous oil phase.

Each droplet is sheathed by a film of amphiphilic molecules. A short chain alcohol plays the
role of stabilizing agent and is partitioned between the droplet interfaces and the continuous
phase [3].

At higher volume fractions, ¢, of droplets scattering experiments cannot give unambiguous
information about structure, because of the occurrence of interactions. At the present time, at
large ¢ values the structure of the medium is still conjectural.

We report here a transient electric birefringence [4] study of the structure of microemulsions.
Electric and magnetic birefringence have already been used to study lamellar phases and colloi-
dal systems near phase separation [5-9].

The techniques involve the application of steady electric or magnetic fields which orient the
macroscopic structure, in some cases deforming it also. Orientated anisotropic structures can
be elongated droplets, aggregates, flexible interfaces [10], or lamellae.
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For transient experiments, the amplitude and time rate of change of the associated optical
birefringence is followed when the fields are turned on or off. From this information, some aspects
of the nature of the orientated anisotropic structures can be inferred.

2. Materials and method.

e Seven series of microemulsions located on demixion lines of their phase diagrams were studied.
Along a demixion line, it is possible to vary the volume fraction ¢ of droplets while keeping
their size constant.

For each series, the droplet radius R and the second virial coefficient § of the osmotic compres-
sibility were measured by quasielastic light scattering. The results are reported in table I. A
detailed study of most systems listed in table I has already appeared [11].

Table 1. — W/O microemulsions systems.

Droplet
Code Surfactant Oil Alcohol ragius B
ATP SDS T P 45 + 7
BCP SDS C P 81 -1
oTB SDS T B 36 - 12
ATB SDS T B 41 - 20
BTB (*) SDS T B 60 - 30
ACB (%) SDS C B 48 < —-40
yTB (*) SDS T B 90 S —40

SDS sodium dodecyl sulfate, T toluene, C cyclohexane, P pentanol, B butanol.
(*) For TB, ACB and yTB microemulsions, the droplet size can be kept constant only for ¢ < 0.03.

Note that for hard sphere-like droplets, the virial coefficient  would be + 8. The negative
B values observed in all cases but one indicate the occurrence of strong attractive interactions [12]
between droplets.

o The experimental set-up was classical [4, 13]. Linear detection [14] was used because it
affords high sensitivity. Thus relatively low electric fields could be applied, minimizing the
thermal disturbance of the samples.

Pulse amplitudes varied from 30 V/cm to 4 kV/cm (for very low ¢), pulse durations from 0.1 ps
to 100 ms. Rise and fall times were less than 30 ns. Signals were averaged up to 256 times using
a digital storage oscilloscope.

The steady state induced birefringence An is proportional to the square of the electric field E

An = BAE?,

here A is the wavelength of the light beam (4 = 514 nm) and B is the Kerr constant of the sample.
The value of An was typically about 10~°.
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3. Experimental results.

3.1 Low CONCENTRATIONS. — Figure 1 shows the results of measurements performed at very
low droplet concentrations (*). The Kerr constant B is plotted against the droplet volume frac-
tion ¢. The system codes are identified in table 1. The Kerr constant B, of the continuous
phase has been subtracted for each series to avoid curves crossing (For example : B, =

+ 45 x 107 mV~2 for the ATP series, + 33 x 107 mV~2 for the fTB series. Note that
B =+ 76 x 107**mV~2 for toluene [15]). All measured Kerr constants are positive. The
curves in figure 1 are curved everywhere. This implies that the induced birefringence is not due
to orientation of individual elongated droplets or of elements of their interfacial films : these
processes would give a linear dependence of B upon ¢, at least for small ¢ (for instance, less
than 5 %). (Note also that the intrinsic viscosities of all the microemulsions are close to 2.5 [16],
the value expected for spherical particles).
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Fig. 1. — Kerr constant B versus volume fraction ¢ for several microemulsion series.

It seems likely that the induced birefringence is due to the reorientation of short-lived aggre-
gates which form in the course of sticky collisions between droplets [17].

It has been observed [18] that the probability of sticky collisions increases rapidly with the
strength of the attractive potential between droplets. Indeed, the measured Kerr constants are
very well correlated with the virial coefficient f (cf. table I) of the osmotic compressibility.

Examination of the decay of the birefringence reveals non exponential behaviour, with several
characteristic times in the range 1-10 ps. This is again in good agreement with the picture of
reorienting transient aggregates of various sizes. By comparison, the characteristic time t for
one spherical droplet of radius R = 50 A is [4]

_ 8myR3

—-'6—I'CT—=70nS,

here 7 is the microemulsion viscosity, n = 2 cp.
A quantitative analysis of the decay curves is underway.

3.2 INTERMEDIATE CONCENTRATIONS. — Figure 2 displays the logarithm of the Kerr constant B
versus the volume fraction ¢ of the dispersed phase at intermediate concentrations. For all the

systems studied, the curves go through a maximum.

(!) In this range, the microemulsion is known to be a dispersion of droplets [2].
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This maximum_coincides with the maximum of the microemulsion turbidity measured by
light scattering [11].

The mean decay time roughly follows the B variation.

The ATB series passes close to a critical demixion point for ¢ = 0.08 [19]. Percolation of the
electric conductivity is also observed at this volume fraction. This is displayed in figure 2 which
includes a plot of the logarithmic electric conductivity K versus ¢ for the ATP and ATB systems.
The measured B values are not immediately, interpretable : indeed, dielectric relaxation probably
occurs at ¢ ~ 0.08, as already observed near demixion points in microemulsions [20, 21]. A
local field correction is thus necessary [22]. Detailed analysis of figure 2 is thus not attempted
at this time.
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Fig. 2. — Plots of logarithmic Kerr constant B (left scale) and electric conductivity K (right scale) versus ¢,
for ATB(———) and ATP (------ ) systems.

However, quantitative results concerning the time decay of the birefringence can be obtained
for the ATB system at ¢ ~ 0.08. It is well fitted by a single exponential, whose characteristic
time 7 is in fairly good agreement with the lifetime 7, of a critical density fluctuation of « size » £.
&, the correlation length of the density fluctuations, has already been measured for the ATB
microemulsion by light scattering [19]. , is related to ¢ through the formula :

6 nné’
T{ = kT .

Comparison of the calculated (z,) and measured (z) values is given in table II.

Table II.
¢ EM™ a9 A T (us) T (us)
0.07 240 120 150
0.08 280 190 230
0.09 300 230 200

Calculated (r,) and measured (7) values of the birefringence decay time.
™M T=19°C.
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Although the variations of the Kerr constants are very large in the intermediate concentration
range, they cannot be related directly to the microemulsions structures. For example, bire-
fringent lobes exist in many phase diagrams close to the isotropic microemulsion domain, espe-
cially in the vicinity of critical points [19]. Could the Kerr signal probe pretransitional proces-
ses ? More detailed analysis of the time decay of the birefringence may answer this question,
but such analysis is not attempted at the present time.

3.3 LARGE CONCENTRATIONS. — At larger water concentrations, a somewhat surprising obser-
vation was made : a fast, negative contribution to the birefringence signal arises and grows
rapidly with ¢. In figure 3, the Kerr constants of the positive and negative contributions (%)
are plotted against the volume fraction ¢ for the «TB system. In the ATB system, which cannot
be studied at ¢ greater than 15 9 because of its large electrical conductivity, this process was
not observed.
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Fig. 3. — Kerr constant B versus volume fraction ¢ for «TB microemulsions : @ positive contribution,
© negative contribution.

Figure 4 shows that the negative contribution is very important, even at low concentrations,
in microemulsions where the oil is cyclohexane.

The short (1 ps) decay times suggest that the process reflects local reorganization of the inter-
facial film [10]. Such time scales correspond to orientational fluctuations of flexible interfaces
characterizing microemulsion systems [23]. Similar behaviour (but with larger characteristic
times) has already been observed in polymer systems [24]. The slow positive effect [25] was
attributed to polymer chain reptation [26], the fast negative effect to local reorganization of the
chain.

This qualitative picture agrees well with the large negative values measured in the vicinity
of the inversion point (cf. Fig. 4). Moreover, exchanges through the interfacial film are known
to be very important in microemulsions containing cyclohexane. NMR [27] and ultrasonic
absorption [28] show that the exchanges are less if the oil is toluene or benzene (compounds
with benzene ring).

(® As the decay times of the two contributions are very different (1 : 10), it is possible to measure each
of them separately.
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Fig. 4. — Plot of logarithmic Kerr constant B versus volume fraction ¢ for ATP and BCP microemulsions :
@ positive contribution, © negative contribution.

4. Summary and conclusion

Transient electric birefringence is a promising method for obtaining structural information
about microemulsions systems. At present, only qualitative conclusions can be drawn. At very
low water concentrations, the effects of transient association of droplets are observed. At inter-
mediate volume fractions of water, the birefringence signal is related to density fluctuations.
At high concentrations, the birefringence reflects local reorganization of the interfacial layer.

Further work is needed to make these conclusions quantitative. A detailed analysis of the
time decay of the birefringence is under way.
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