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Percolation phenomenon of calcium bis„2-ethylhexyl… sulfosuccinate water-in-oil microemulsions
by conductivity and dielectric spectroscopy measurements
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The sodium counterion (Na1) of the sodium bis~2-ethylhexyl! sulfosuccinate~AOT! surfactant was ex-
changed with calcium Ca21 to investigate the counterion charge effect on the structure of water in normal
decane microemulsions. Ohmic conductivity and dielectric permittivity measurements were performed on
samples at constant water to surfactant mole ratio@water#/@Ca(AOT)2#526.6. Increasing the volume fraction
of the dispersed phasef, a percolation phenomenon was observed at the constant temperature of 25° C. The
percolation threshold was found atf;15% by Ohmic conductivity and static dielectric permittivity studied as
a function off, and by the frequency dependence of the complex permittivity. Critical exponents typical of the
static percolation mechanism~formation of bicontinuous microemulsions! were found below and above thresh-
old. The comparison of these results obtained for the two different counterions, Ca21 and Na1, in AOT
surfactant water in normal decane microemulsions allows detection of an important difference. The percolation
below threshold is dynamic for the sodium-based microemulsions, accounting for the formation of clusters of
droplets, whereas calcium-based microemulsions show a static percolation. For this system, the coalescence of
droplets begins to occur below threshold atf;12%. @S1063-651X~99!12807-1#

PACS number~s!: 61.25.Hq, 64.70.Ja, 77.22.2d, 82.70.Dd
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I. INTRODUCTION

Counterion-induced effects are important either in fun
mental or in applied research@1–8#. Substitution of a
monovalent with a divalent counterion, in a surfactant m
ecule of self-assembled structures, can produce a consi
change of the surfactant solubility in water, of the aqueo
critical micellar concentration, and of the phase diagram.
clarify the role of the counterion charge variation, we pres
a study of self-assembled aggregates formed by surfac
with divalent calcium counterion and we compare the res
with the monovalent, sodium reference system. The calc
ions are very important in biological processes such as
cium adsorption at the cell membranes@9# in pharmaceutical
and food technology@10#.

In this paper we focus our attention on the substitution
sodium with calcium in the sodium bis~2-ethylhexyl! sulfos-
uccinate @Na(AOT)# water in normal decane microemu
sions. The Na(AOT) water inn-decane microemulsions re
erence system was chosen because the structure of
microemulsions is well known by means of different expe
mental techniques@11–21#. The phase diagram of th
Ca(AOT)2 water inn-decane microemulsion system and p
liminary small-angle neutron scattering~SANS! results@8#
evidenced analogies and differences between the calc
AOT and the sodium AOT microemulsions. For examp
the extension of the microemulsion monophasic domain
significantly reduced for the calcium-based system. Furth
more, a SANS study of the dilute region of the phase d
gram showed the presence of smaller droplets formed w
PRE 601063-651X/99/60~1!/792~7!/$15.00
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the calcium AOT surfactant@8#. A few other calcium AOT
ternary microemulsions, Ca(AOT)2-water-cyclohexane and
Ca(AOT)2-water-isooctane, have been investigated at v
low water to surfactant ratio of<5 @1–4#. These microemul-
sion systems are formed by spherical droplets in the isotro
L2 phase.

To have an insight into the evolution of the system stru
ture in the concentrated region of the phase diagram,
investigate, via dielectric spectroscopy and conductiv
measurements, the calcium AOT water inn-decane micro-
emulsions. In fact, working at a suitable water to surfact
ratio and increasing the volume fraction of the dispers
phasef ~defined as ratio of water plus surfactant over tota!,
the microemulsion evolves continuously from transpar
homogeneous fluid samples to transparent viscous hom
neous samples as many other water-in-oil microemulsi
for which the conductivity and dielectric spectroscopy inve
tigation, in addition to other techniques, clarified the stru
tural evolution@11–30#.

A preliminary analysis by conductivity and dielectr
spectroscopy measurements showed that a percolation
nomenon occurs. A water to surfactant mole ratio of 2
was chosen to detect the percolation threshold and to ana
the phenomenon. When a percolation phenomenon occu
microemulsions, a dynamic or a static percolation can
identified@31–35#, corresponding, respectively, to the form
tion of clusters of droplets or to the coalescence of the dr
lets into water channels~bicontinuous structures!. In the di-
lute region, the electrical conduction mechanism
interpreted in terms of the droplet charge fluctuations mo
792 ©1999 The American Physical Society
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PRE 60 793PERCOLATION PHENOMENON OF CALCIUM . . .
@36–38#, i.e., the droplets, on the average electrically neut
can carry excess charge due to spontaneous thermal flu
tions of composition, and migrate in an electric field. Mor
over, the permittivity values can be calculated in term of
Hanai’s model@39,40# which takes into account the interfa
cial polarization mechanism described by the Maxwe
Wagner theory. Approaching the percolation threshold,
ther by increasing the temperature or the number densit
droplets or pressure, coalescence can occur leading to b
tinuous microemulsions~static percolation!. In other cases
the hopping of surfactant molecules and/or counterions
portions of interfacial regions that occurs mediated by dif
sional approach and separation of the droplets produces
percolation process~dynamic percolation!. In both dynamic
and static regimes the static dielectric permittivity diverg
and the Ohmic conductivity shows a steep increase.
threshold, at least one cluster of droplets~or one water chan-
nel! connects the system from one electrode to the othe
further increase of the parameter chosen to observe the
colation phenomenon will produce an increase in the num
of clusters or bicontinuous channels for dynamic and st
percolation, respectively. In both cases, the trend of
Ohmic conductivity and static permittivity are similar; th
difference between the two physical processes being de
able only by studying the scaling laws.

In this paper, the percolation phenomenon of calci
AOT water inn-decane microemulsions is studied at a co
stant temperature of 25° C. The results are compared
those of the sodium AOT water inn-decane microemulsion
to have an insight into the role of counterion charge on
microemulsion structure.

II. THEORETICAL MODEL

It is generally assumed that a water-in-oil microemuls
is made of two components, a dispersed water phase~1! and
a continuous oil phase~2!; thus the complex permittivitye*
is a function of the complex permittivities of the dispers
phasee1* and of the continuous phasee2* , wheree i* 5e is

2 j s i /(veo) for i 51,2. The two components are dielectr
conductors of static permittivitye1s ande2s and conductivity
s1 ands2 ; eo is the permittivity of vacuum,v52p• f , f is
the frequency, andj 2521. The n-decane conductivity is
close to zero and its static dielectric constant is 1.99. W
and n-decane do not show dielectric adsorption in the f
quency range investigated; thusue1* u@ue2* u, and the genera
relationship for the microemulsion complex permittivitye*
is @23#

e*

e1*
5uf2fpum f S e2* /e1*

uf2fpu(m1s)D , ~1!

where fp is the concentration at the percolation thresh
and m and s ~both greater than zero! are the percolation
exponents. Except in the neighboring offp , where the ar-
gument of the functionf diverges,f satisfies the following
asymptotic forms@23#:

f.fp ,uzu!1,f ~z!5c11c28z, ~2a!

f,fp ,uzu!1,f ~z!5c2z, ~2b!
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uzu@1,f ~z!5czm/(m1s), ~2c!

for eachf value. In our case,e1s;80 ande2s;2 are con-
stant values up to 13 MHz, upper frequency studied. T
implies thatz is a positive real value lower than 1, and th
asymptotic laws are

es5c2e2s~fp2f!2s, ~3!

s5c2s2~fp2f!2s, ~4!

below the percolation threshold, and

es5c18e2s~f2fp!2s1c1e1s~f2fp!m, ~5!

s5c18s2~f2fp!2s1c1s1~f2fp!m, ~6!

above the percolation threshold.c1 , c18 , and c2 are con-
stants. Below threshold,es(f) ands(f) @Eqs. ~3! and ~4!#
show a simple exponential law with a single exponents.
Above threshold, ase2s /e1s;1/40, Eq.~5! can show differ-
ent trends depending onc18 andc1 values. In Eq.~6!, because
s2!s1, we reasonably expect as(f) dependence abov
threshold described by an exponential law with single ex
nential:

s5c1s1~fp2f!m. ~7!

The conductivity and the static dielectric constant scal
laws are characterized by the two critical exponentsm ands.
The m exponent is in the range from 1.5 to 2 for both sta
and dynamic percolation, whereass50.6 to 0.7 for static and
s;1.2 for dynamic percolation@31,32#.

To describe the frequency dependence of the microem
sion complex permittivity at percolation, we recall that
theory on random resistor networks near their percolat
threshold@41# was modified to describe quite well some m
croemulsions at percolation@27#. For the conductor-insulato
mixture, the frequency dependence of the complex perm
tivity takes the form:

e* ~v!5Evu21 exp@ j p~12u!/2#, ~8!

whereE is real,v52p f , wheref is the linear frequency, and
u is a critical exponent. Equation~8! implies that both the
real and the imaginary parts ofe* , e8(v) and e9(v), re-
spectively, exhibit avu21 frequency dependence and th
the loss angleD defined by tanD(v)5e9(v)/e8(v) is inde-
pendent of frequency and equal top(12u)/2, close to per-
colation threshold. Furthermore, the exponentu is related to
m ands by the equationu5m/(m1s). Values ofu between
0.56 and 0.63 are expected for dynamic percolation, and
tween 0.68 and 0.77 for static percolation. These values
to loss angle tangent values of 0.69 to 0.58 and of 0.50
0.36 for dynamic and static percolation, respectively. As
microemulsion differs from the conductor-insulator mixtur
the above considerations related to conductor-insulator m
tures apply, in microemulsions, in a frequency range tha
characteristic of the microemulsion system investigated@27#.
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III. EXPERIMENT

The calcium salt of AOT was prepared by aqueous m
athesis of a saturated solution of Ca(NO3)2 ~Aldrich AR!
with an ethanolic solution of Na~AOT! ~Sigma!. The
Ca(AOT)2 precipitate was separated from the aqueous ph
by settling, and washed repeatedly with Millipore grade w
ter until complete disappearance of NO3

2 ~determined by the
brown ring test! and Na1 ions ~atomic adsorption spectros
copy!. The remaining water was eliminated by freeze dryin
N-decane was from Fluka AG~purum.99%, olefin free!
and water was from Millipore, Milli-Q system. All the
samples studied were prepared by diluting withn-decane a
stock solution at constant water to surfactant mole ratio
26.6. The temperature was kept constant at 25.060.05 °C by
a thermostatic bath.

The conductivity and dielectric spectroscopy measu
ments were performed with a Hewlett Packard 4192A lo
frequency impedance analyzer~frequency range 5 Hz to 13
MHz!. The cell was a four-terminal sample holder devi
with parallel, rectangular gold plate electrodes having
surfaces roughened to minimize electrodes polarization~see
Fig. 1 reported in Ref.@42# where the cell is described i
details!.

The cell filled with the microemulsion sample can be re
resented by an equivalent parallel resistance-capacit
electrical circuit with the resistanceR and the capacitanceC
given by

R51/~vkeoe91ks!, C5keoe8, ~9!

FIG. 1. Experimental static dielectric constant~a! and Ohmic
conductivity ~b! as a function of the volume fraction of the dis
persed phase, for Ca(AOT)2 water in n-decane microemulsion
samples along the dilution line@water#/@surfactant#526.6 at T
525 °C. The lines are a guide for the eyes.
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where eo is the permittivity of free space,e82 j e9 is the
complex permittivity of the medium (j 2521), s is the
Ohmic conductivity of the sample, andk is the cell constant
depending on the cell geometry. In a real cell, other con
butions are present: for the cell used, a stray capacitanceCo
in parallel to theRC circuit, a series resistanceRs, and a
series self-inductanceLs . The parametersk, Co , Rs , and
Ls were evaluated by the calibration procedure describe
@42#. To evaluateR andC, as a first step, the sample Ohm
conductivity is measured in a low-frequency range in wh
the electrode polarization does not affect the measureme
Then the frequency dependence of the impedance magn
and phase angle of the dielectric cell is detected. To ext
the complex permittivity values, the electrical circuit d
scribed above~see Fig. 2 of@42#! was used to evaluateR and
C as a function of the measured parameters. As shown in
~9!, R is representative of the sample Ohmic resistance
of the dielectric adsorption; thus,e9 is extracted fromR, after
subtraction of the Ohmic conductivity already measur
From C, e8 is obtained.

IV. RESULTS

In Fig. 1, the Ohmic conductivity and the static dielectr
constant at 25 °C are shown as a function of the volu
fraction of the dispersed phasef. The exploredf range is
0.041 to 0.563. Throughout the paper, the error bars are s
dard deviations. When the errors do not appear on the fig
they are smaller than the symbols used. From the behavio
the static permittivityes(f) and conductivitys(f) curves
two different regions can be identified. In the dilute regi
(f,0.10!, thees ands values are low. Atf.0.10,es and
s increase rapidly as a function off and show percolative
trends.

In the dilute region, the conductivity data can be analyz
by the droplets charge-fluctuation model@36–38#, assuming
a model of hard spheres of radius 26.5 Å . This value was
obtained from SANS investigation @8# for the
Ca(AOT)2-water-deuterated normal decane system. For
system, the SANS experiment detects, due to the partic

FIG. 2. Experimental valueses(f) for f,0.145 in double loga-
rithmic scale. Three different concentration regions, correspond
to different physical processes, are shown. I—forf,0.090 the
process is not percolative and can be interpreted in terms of
Hanai model. II—for 0.090,f,0.130 the experimental values fo
low, according to the scaling law@Eq. ~3!#, a linear trend of
log10(es) vs log10(fp2f) from which the critical exponent of the
percolative process is calculated. III—for 0.130,f,0.145 the ex-
perimental values are close to the percolation threshold wheref
function of Eq.~1! diverges.
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PRE 60 795PERCOLATION PHENOMENON OF CALCIUM . . .
contrast chosen, the particle core and its interfacial reg
whose sum is close to the hydrodynamic particle rad
which must be used in the application of the charg
fluctuation model. The experimental data follow this mod
up to f;0.09. In the same concentration range, the st
dielectric constant agrees with the Hanai model@39,40#,
which considers the system composed by hard sphere
water plus surfactant dispersed in the continuous oily mat

For f.0.10, the hard-sphere model does not apply a
percolation must be invoked to justify the observed cond
tivity and permittivity trends. In Fig. 1, asf approaches the
percolation threshold, the static dielectric constant exhibi
maximum followed by a broad minimum and a slightes(f)
increase at highf. A percolation threshold atfp50.151
60.004, can be estimated by the position of the maximu
The errors evaluated are standard deviations throughou
paper. Thes(f) curve is characterized by a typical sigmo
dal shape with a sharp increase near the percolation thr
old. The percolation thresholdfp50.14260.002 was ob-
tained from the analysis of the curvature variation of t
s(f) curve. In the limit of the experimental errors, the co
ductivity and the dielectric percolation thresholds are simi
The analysis of thees(f) curves for the samples below th

FIG. 3. Experimental valuess(f) in double logarithmic scale
The plot shows the data below~open circles, bottom curve! and
above ~full circles, upper curve! the percolation thresholdfp

50.142. The straight lines represent the fitting results@see Eqs.~4!
and~7!#. For f,0.110 the nonpercolative behavior is described
the charge-fluctuation model. Close to the percolation threshold
scaling laws do not apply as thef function of Eq.~1! diverges.

FIG. 4. The real and the imaginary parts of the dielectric co
plex permittivity (e8, full circles ande9, open circles! are reported
versus frequency, for the sample withf50.135, atT525 °C. The
continuous lines are a guide for the eyes.
n,
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percolation threshold was performed according to Eq.~3!.
The experimental data are plotted in Fig. 2 in double log
rithmic scale. A linear trend is shown in the concentrati
range from 0.110 to 0.130. From the slope of the straight l
the exponents50.6960.09 can be obtained. We recall that
dynamic percolation process is characterized by a crit
exponents;1.2, whereas the coefficient for static perco
tion processes iss;0.7. Therefore, thes value supports a
static percolation mechanism. In thees(f) curve, the scaling
exponents above threshold cannot be evaluated for the
sons summarized in Sec. II. The analysis of thes(f) data
~see Fig. 1!, in terms of the scaling laws@Eqs.~4! and~7!# is
reported in Fig. 3. The critical exponents obtained from
linear behavior of the curves in double logarithmic scale
s50.7860.03 and m51.54260.014, respectively, below
and above the percolation threshold, confirming the st
model. The linear trend below threshold extends from 0.1
to 0.135, a range similar to that for the static permittivit
Above threshold it extends from 0.200 to 0.563.

The frequency dependence of the dielectric permittiv
was also analyzed. As an example, the frequency depend
of both the real and the imaginary parts of the complex p
mittivity are reported in Fig. 4 for the sample with the vo
ume fraction of the dispersed phasef50.135. Typical trends
of percolation in microemulsions are shown by thee8 ande9
curves. The frequency of the maximum absorption is at;1
MHz, a value typical of microemulsions. The dielectric spe
trum of Fig. 4 shows a rather broad dispersion; futhermo

TABLE I. The critical exponentu and the maxima values o
tanD for samples at@water#/@surfactant#526.6.

f u tanDmax

0.110 0.2060.01
0.122 0.3260.01
0.125 0.3460.01
0.130 0.7760.01 0.3760.01
0.135 0.7660.01 0.3960.01
0.140 0.7460.01 0.4260.01
0.145 0.7360.01 0.4360.01
0.151 0.7860.01 0.4460.01
0.200 0.7760.01 0.3860.01

e

-

FIG. 5. The log10(e8) versus log10( f ) curves are shown for
samples withf5 0.130~open circles!, 0.145~open triangles!, and
0.200~open crosses!. The straight lines represent the fitting resu
@see Eq.~8!#.
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796 PRE 60CAPUZZI, BAGLIONI, GAMBI, AND SHEU
the e9( f ) curve is strongly asymmetric as other cases
ported in the literature@19,27,43#. In @19#, the presence of a
broad dispersion and the asymmetry of the dispersion, wh
indicate a distribution of relaxation times, are fully discuss
in both frequency and time domains. In this paper, we p
form the analysis in the frequency domain following the p
cedure previously described in Sec. II. Thee8 versus fre-
quency curves show a linear trend in double logarithm
scale for the samples with 0.11,f,0.29. In Fig. 5 three
representative curves are shown in the frequency ra
where the critical exponentu was calculated. For all the
samples studied, theu values are reported in Table I. All th
values calculated are typical of static percolation. We p
formed the data analysis also atf 5 0.110, 0.122, and 0.125
~not reported in Table I! but the calculated exponents a
higher than those expected for both static and dynamic
colation, indicating that in this case the investigated conc
trations are too far from the percolative threshold. At 0.2
,f<0.290, the frequency range investigated is too narr
to analyze the curve.

As reported in Sec. II, the loss angleD defined by
tanD(v)5e9(v)/e8(v) is independent of frequency an
equal top(12u)/2, close to percolation threshold. Figure
shows the tanD( f ) curves for some samples studied. All th
samples studied show a frequency-independent range in
tanD( f ) curve where tanD reaches a maximum. Thes
maxima values are reported in Table I. At concentration of
5 0.110, the maximum is very broad and the value is low
than that of both static and dynamic percolation. Increas
f, the maxima increase towards values typical of static p
colation, up to the highest value, tanD50.44, atf 5 0.151.
A further increase off leads to a decrease of the maximu
value. Atf>0.200, tanD( f ) increases as the frequency i
creases because the frequency range is too narrow to an
the curve. Thus, no sample reaches a value typical of
namic percolation.

From the analysis of conductivity and static permittivi
as a function of the volume fraction of the dispersed phas
percolation thresholdfp around 0.15 was found. The fre
quency analysis gives the highest tanD vs frequency values

FIG. 6. The tanD versus frequency for the samples withf 5
0.125 ~open squares!, 0.130~open circles!, 0.145~open triangles!,
and 0.200~full circles!. The continuous lines are a guide for th
eyes. Broad maxima are shown by most of the curves in a
quency range intermediate between 1 MHz and 10 MHz wh
tan(D) is almost independent on frequency. The curve with f
points (f50.200) does not show a maximum as the frequen
range is too narrow.
-
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at f;0.15 ~see Table I!. We point out that the frequenc
dependence confirms the description of the percolation p
nomenon in term of the static model~bicontinuous micro-
emulsions!. Thus, bicontinuous water channels in oil beg
to form in the system starting atf;12%.

V. DISCUSSION AND CONCLUSION

In this paper, Ohmic conductivity and dielectric perm
tivity were measured on samples of Ca(AOT)2 water in
n-decane microemulsions with@water#/@Ca(AOT)2#526.6.
After a preliminary investigation, the water to surfacta
mole ratio 26.6 was chosen to perform the numerical ana
sis below and above threshold. The results clearly show
percolation occurs in calcium AOT water inn-decane micro-
emulsions. A threshold of;15% of volume fraction of the
dispersed phase was found by Ohmic conductivity and st
dielectric constant as a function off and by frequency varia-
tion of the complex permittivity. The percolation mechanis
is static both below and above the percolation threshold
fact, an exponents;0.7 was calculated by thes(f) and
es(f) scaling behaviors. Furthermore, by the complex p
mittivity frequency dependence, the exponentu is between
0.73 and 0.78, in a largef interval around threshold 0.13 t
0.20. In the samef interval the tanD vs frequency has a
maximum that spans from 0.37 to 0.44. These values
typical of the static percolation phenomenon. Therefore,
conductivity and the dielectric permittivity characterizatio
strongly suggests that the Ca(AOT)2 water in n-decane mi-
croemulsions form water channels in oil, starting fromf
values of;12%. Further work is in progress to study th
structural evolution by small-angle neutron scattering, in
der to understand how almost spherical droplets, found
SANS @8# at f,10%, evolve towards elongated water cha
nels. In @44#, viscosity, conductivity, dynamic light scatter
ing, and NMR self-diffusion measurements were perform
to have a preliminary insight into the calcium AOT water
n-decane microemulsion. The results indicate a preferenc
the system to form bicontinuous microemulsions. We have
point out that the conductivity curves there reported rep
sented preliminary measurements where the conducti
values atf,0.12 differ from the data reported in the prese
paper due to impurity present in the measurement cell.

Coming back to the results of this paper, the formation
water channels starting fromf;12% atT525 °C is an in-
dication that the system undergoes a transition from drop
to bicontinuous microemulsions at a relatively low volum
fraction of the dispersed phase.

To compare the results of the sodium AOT system w
those of the calcium AOT system, we have to recall that
the phase diagram of the calcium-based system@8#, the
maximum @water#/@Ca(AOT)2# mole ratio to observe a
monophasic microemulsion behavior is;60; this corre-
sponds to a@water#/@AOT2# ratio of 30 @8#. In the sodium-
based system, the latter is;50 @45,46#, indicating a higher
ability of the microemulsion to incorporate water. Anoth
consistent difference is the aqueous solubility of the AO
surfactant: with sodium counterion it is very high, where
with calcium counterion the AOT is insoluble in water@8#.
This leads to a minimum water to surfactant mole ratio of 4
to observe monophasic microemulsion samples in

-
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PRE 60 797PERCOLATION PHENOMENON OF CALCIUM . . .
Ca(AOT)2 water in n-decane microemulsions. If compare
with the Na(AOT)-water binary system, in th
Ca(AOT)2-water binary system the critical micelle conce
tration is lower, and the lamellar phase, which is formed
high surfactant content, incorporates water to a much lo
extent@47,48#. Thus, the tendency to incorporate less wa
is already present in the water-calcium AOT binary syste
The reduction of the aqueous critical micellar concentrat
due to divalent counterions is well described by the Poiss
Boltzman~PB! equation, being the electrostatic free ener
of a charged surface inversely proportional to the counte
valency. However, the PB equation fails to explain the m
cellar growth and the swelling reduction of the lamel
phase induced by divalent counterions@47–49#. Monte Carlo
experiments@50# demonstrate that attractive double-lay
forces appear in Ca(AOT)2 lamellar phases, at high surfac
tant content. It has been shown that this attractive elec
static force between lamellae does occur with divalent io
due to the presence of image charge forces that are
present for monovalent ions@49#. The latter could be also
related to the reduced ability of the calcium AOT water
n-decane microemulsions to incorporate water. The sub
is interesting as also recently reported in@51#.

We recall that SANS experiments were performed on
luted samples at 25 °C with@water#/@Ca(AOT)2#;25, cor-
responding to@water#/@AOT2#512.5. This ratio is very
close to that of the samples studied in this paper,@water#/
@Ca(AOT)2#;26.6 ~@water#/@AOT2#513.3). By SANS@8#,
spherical droplets with a core radius of 21.3 Å and w
polydispersity of 22% were found atf,0.10. The corre-
sponding sodium-based system with@water#/@AOT2#512.5,
presents droplets having an average core radius of 28
28.6 °C @17,18#, which is higher than that of the calcium
based system. Furthermore, in the calcium-based microe
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sions, the interfacial area for surfactant molecule w
116 Å 2 @8#, almost twice the value found in the sodiu
AOT reference system@17,18,52#, indicating that the cal-
cium ion does coordinate, as expected, two (AOT)2 mol-
ecules whereas sodium coordinates one. This gives sup
for the sodium and calcium AOT water inn-decane phase
diagram comparison reported above. We point out that
sodium AOT water inn-decane microemulsions system
composed of thermodynamically stable water drople
coated by surfactant molecules, with a radius that increa
from 25 Å to 80 Å as the water to surfactant mole ra
increases from 10 to 50@17,18,52# and, at room temperature
no evidence of a bicontinuous structure was found in
whole L2 region of the phase diagram.

According to this framework, the results here reported
conductivity and dielectric spectroscopy measurements i
cate that the substitution of sodium with calcium ion in t
studied ternary system leads to a structure that is ma
bicontinuous, except in the diluted region of the@water#/
@AOT2#513.3 line, atf,0.10. This suggests that the pac
ing parameter of the calcium surfactant in the interfacial
gion is very different from that of the sodium surfactant a
that the interaction between the dispersed microdomain
the system should be also very different. The latter will
clarified by further SANS analysis of the concentrated reg
of the microemulsion phase diagram.
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