PHYSICAL REVIEW E VOLUME 60, NUMBER 1 JULY 1999
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by conductivity and dielectric spectroscopy measurements

Giulia Capuzzi and Piero Baglioni
Department of Chemistry and CSGI, University of Florence, 50121 Florence, ltaly

Cecilia M. C. Gambi
Department of Physics, University of Florence and INFM, Largo Enrico Fermi 2, 50125 Florence, Italy

Eric Y. Sheu
Vanton Research Laboratory, P.O. Box 572, Hopewell Junction, New York 12533
(Received 23 July 1998; revised manuscript received 11 January 1999

The sodium counterion (Ng of the sodium bi€-ethylhexy) sulfosuccinate AOT) surfactant was ex-
changed with calcium G4 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 fatiater/[ Ca(AOT),]=26.6. Increasing the volume fraction
of the dispersed phasg, a percolation phenomenon was observed at the constant temperature of 25° C. The
percolation threshold was found @&t~ 15% by Ohmic conductivity and static dielectric permittivity studied as
a function of¢, and by the frequency dependence of the complex permittivity. Critical exponents typical of the
static percolation mechanistformation of bicontinuous microemulsionsere found below and above thresh-
old. The comparison of these results obtained for the two different counterioRs, &a N& , 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 thresholddat 12%.[S1063-651X99)12807-1

PACS numbgs): 61.25.Hq, 64.70.Ja, 77.22d, 82.70.Dd

I. INTRODUCTION the calcium AOT surfactarfi8]. A few other calcium AOT
ternary microemulsions, Ca(AOJwater-cyclohexane and
Counterion-induced effects are important either in funda-Ca(AOT),-water-isooctane, have been investigated at very
mental or in applied researcfl—8]. Substitution of a low water to surfactant ratio 6€5 [1—4]. These microemul-
monovalent with a divalent counterion, in a surfactant mol-sion systems are formed by spherical droplets in the isotropic
ecule of self-assembled structures, can produce a consistdn? phase.
change of the surfactant solubility in water, of the aqueous To have an insight into the evolution of the system struc-
critical micellar concentration, and of the phase diagram. Tdure in the concentrated region of the phase diagram, we
clarify the role of the counterion charge variation, we preseninvestigate, via dielectric spectroscopy and conductivity
a study of self-assembled aggregates formed by surfactanteasurements, the calcium AOT waternfdecane micro-
with divalent calcium counterion and we compare the result&mulsions. In fact, working at a suitable water to surfactant
with the monovalent, sodium reference system. The calciumatio and increasing the volume fraction of the dispersed
ions are very important in biological processes such as caphaseg (defined as ratio of water plus surfactant over total
cium adsorption at the cell membrari®§ in pharmaceutical the microemulsion evolves continuously from transparent
and food technology10]. homogeneous fluid samples to transparent viscous homoge-
In this paper we focus our attention on the substitution ofneous samples as many other water-in-oil microemulsions
sodium with calcium in the sodium B&-ethylhexy) sulfos-  for which the conductivity and dielectric spectroscopy inves-
uccinate[ Na(AOT)] water in normal decane microemul- tigation, in addition to other techniques, clarified the struc-
sions. The Na(AOT) water in-decane microemulsions ref- tural evolution[11-30.
erence system was chosen because the structure of theseA preliminary analysis by conductivity and dielectric
microemulsions is well known by means of different experi- spectroscopy measurements showed that a percolation phe-
mental technique§11-21. The phase diagram of the nomenon occurs. A water to surfactant mole ratio of 26.6
Ca(AOT), water inn-decane microemulsion system and pre-was chosen to detect the percolation threshold and to analyze
liminary small-angle neutron scatterif@ANS) results[8] the phenomenon. When a percolation phenomenon occurs in
evidenced analogies and differences between the calciumicroemulsions, a dynamic or a static percolation can be
AOT and the sodium AOT microemulsions. For example,identified[31-35, corresponding, respectively, to the forma-
the extension of the microemulsion monophasic domain igion of clusters of droplets or to the coalescence of the drop-
significantly reduced for the calcium-based system. Furtherets into water channelgicontinuous structuresin the di-
more, a SANS study of the dilute region of the phase diaiute region, the electrical conduction mechanism is
gram showed the presence of smaller droplets formed witinterpreted in terms of the droplet charge fluctuations model
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[36-38, i.e., the droplets, on the average electrically neutral, |z|>1f(z)=cz/ (w9, (20)
can carry excess charge due to spontaneous thermal fluctua-
tions of composition, and migrate in an electric field. More-¢,, each¢ value. In our casee;s~80 ande,s~2 are con-

over, the permittivity values can be calculated in term of thegiant values up to 13 MHz, upper frequency studied. This
Hanai's mode[39,4() which takes into account the interfa- jnplies thatz is a positive real value lower than 1, and the
cial polarization mechanism described by the Maxwell-asymptotic laws are

Wagner theory. Approaching the percolation threshold, ei-

ther by increasing the temperature or the number density of €= Cpere po— b) S 3)
droplets or pressure, coalescence can occur leading to bicon- s v2resi T ’

tinuous microemulsiongstatic percolation In other cases s

the hopping of surfactant molecules and/or counterions, or 0=C02(p=¢) 7, 4)
portions of interfacial regions that occurs mediated by diffu- )

sional approach and separation of the droplets produces tfelow the percolation threshold, and

percolation proces&ynamic percolation In both dynamic

and static regimes the static dielectric permittivity diverges €s=Crexs(p— dp) St Crers(d— Pp)*, %)
and the Ohmic conductivity shows a steep increase. At
threshold, at least one cluster of dropléis one water chan- T=Cloa(p— bp) S+ Croy (b dp)”, (6)

nel) connects the system from one electrode to the other. A
further increase of the parameter chosen to observe the pey
colation phenomenon will produce an increase in the number
of clusters or bicontinuous channels for dynamic and stati
percolation, respectively. In both cases, the trend of th
Ohmic conductivity and static permittivity are similar; the
difference between the two physical processes being dete
able only by studying the scaling laws.

In this paper, the percolation phenomenon of calciu
AOT water inn-decane microemulsions is studied at a con-
stant temperature of 25° C. The results are compared with
those of the sodium AOT water imdecane microemulsions o=C101(Pp— )" (7)
to have an insight into the role of counterion charge on the
microemulsion structure. The conductivity and the static dielectric constant scaling

laws are characterized by the two critical expongntsnds.
Il. THEORETICAL MODEL The o exponent is in the range from 1.5 to 2 for both static
and dynamic percolation, wheress 0.6 to 0.7 for static and

It is generally assumed that a water-in-oil microemulsions— 1.2 for dynamic percolatiof31,32.
is made of two components, a dispersed water pfBsand To describe the frequency dependence of the microemul-
a continuous oil phas€); thus the complex permittivite™  sjon complex permittivity at percolation, we recall that a
is a function of the complex permittivities of the dispersedtheory on random resistor networks near their percolation
phaseey and of the continuous phasg , whereef =€ threshold41] was modified to describe quite well some mi-
—joil(wey) for i=1,2. The two components are dielectric croemulsions at percolatid7]. For the conductor-insulator
conductors of static permittivity; ande,s and conductivity —mixture, the frequency dependence of the complex permit-
o1 andoy,; €, is the permittivity of vacuumw=27-f, fis tivity takes the form:
the frequency, ang?=—1. The n-decane conductivity is
close to zero and its static dielectric constant is 1.99. Water € (w)=Ew" Texgjm(1-u)/2], (8)
and n-decane do not show dielectric adsorption in the fre-

quency range investigated; this] [>[e3 |, and the general \yhereE is real,w=2f, wheref is the linear frequency, and
relationship for the microemulsion complex permittivig uis a critical exponent. Equatiof8) implies that both the

bove the percolation threshold;, c;, andc, are con-
tants. Below thresholdg($) and o(¢) [Egs.(3) and (4)]
how a simple exponential law with a single exponent
bove threshold, ag,./e,5~1/40, Eq.(5) can show differ-
&nt trends depending aj andc, values. In Eq(6), because
o,<0q, We reasonably expect a(¢) dependence above
mihreshold described by an exponential law with single expo-
nential:

is [23] real and the imaginary parts &f, €¢'(w) and €"(w), re-
. - spectively, exhibit aw"~ ! frequency dependence and that

6_:|¢_¢ |1f €/ €] 1) the loss anglé\ defined by tal\ (w) = €’ (w)/ €’ (w) is inde-

€ P |p— ¢p|(u+8) ' pendent of frequency and equal #q1—u)/2, close to per-

colation threshold. Furthermore, the exponers related to
where ¢, is the concentration at the percolation thresholdu ands by the equatioru= u/(u+s). Values ofu between
and x and s (both greater than zeyaare the percolation 0.56 and 0.63 are expected for dynamic percolation, and be-
exponents. Except in the neighboring ¢f, where the ar- tween 0.68 and 0.77 for static percolation. These values lead
gument of the functiorf diverges,f satisfies the following to loss angle tangent values of 0.69 to 0.58 and of 0.50 to

asymptotic formg23]: 0.36 for dynamic and static percolation, respectively. As the
microemulsion differs from the conductor-insulator mixture,
¢> oy ,lzl<1.f(z)=ci+cyz, (2a)  the above considerations related to conductor-insulator mix-

tures apply, in microemulsions, in a frequency range that is
d<dp,|z|<1,f(2)=c,z, (2b)  characteristic of the microemulsion system investig@gd.
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FIG. 2. Experimental values,( ) for $<<0.145 in double loga-
rithmic scale. Three different concentration regions, corresponding
@ (VIV) to different physical processes, are shown. |—#%0.090 the
process is not percolative and can be interpreted in terms of the
Hanai model. Il—for 0.09€ ¢<0.130 the experimental values fol-
low, according to the scaling laEqg. (3)], a linear trend of
logio(€s) Vs logio(pp— ) from which the critical exponent of the
percolative process is calculated. Ill—for 0.X3¢<0.145 the ex-
perimental values are close to the percolation threshold where the
function of Eqg.(1) diverges.

o

Logw(a(Q'm™))

sl (b) where €, is the permittivity of free spaces’ —je€” is the
complex permittivity of the mediumjé=-1), o is the
w Ohmic conductivity of the sample, aridis the cell constant
02 o4 R depending on the cell geometry. In a real cell, other contri-
o (V/V bending 9 y » othel
butions are present: for the cell used, a stray capacit@gce
FIG. 1. Experimental static dielectric consta@al and Ohmic i parallel to theRC circuit, a series resistand®, and a
conductivity (b) as a function of the volume fraction of the dis- Series self-inductances. The parameterk, C,, R, and
persed phase, for Ca(AOJ)water in n-decane microemulsion Lg Were evaluated by the calibration procedure described in
samples along the dilution linfwated/[surfactan}=26.6 atT [42]. To evaluateRr andC, as a first step, the sample Ohmic
=25°C. The lines are a guide for the eyes. conductivity is measured in a low-frequency range in which
the electrode polarization does not affect the measurements.
Then the frequency dependence of the impedance magnitude

The calcium salt of AOT was prepared by aqueous metand phase angle of the dielectric cell is detected. To extract
athesis of a saturated solution of Ca(§JQ (Aldrich AR)  the complex permittivity values, the electrical circuit de-
with an ethanolic solution of NAOT) (Sigma. The scribed abovésee Fig. 2 0f42]) was used to evaluatand
Ca(AOT), precipitate was separated from the aqueous phasge as a function of the measured parameters. As shown in Eq.
by settling, and washed repeatedly with Millipore grade wa-(9), R is representative of the sample Ohmic resistance and
ter until complete disappearance of fiQdetermined by the Of the dielectric adsorption; thus; is extracted fronR, after
brown ring test and N& ions (atomic adsorption spectros- subtraction pf the.Ohmlc conductivity already measured.
copy. The remaining water was eliminated by freeze drying.Fr©OmC, €’ is obtained.

N-decane was from Fluka AGpurum>99%, olefin freg

and water was from Millipore, Milli-Q system. All the IV. RESULTS

samples studied were prepared by diluting witdecane a . . - Co .
stocIE) solution at constgntr\)/vater tg surfac?ant mole ratio of " Fig. 1, the Ohmic conductivity and the static dielectric

26.6. The temperature was kept constant at20.05°C b cons_tant at 25 O.C are shown as a function of the vqlume
a thermostaticpbath. P y fraction of the dispersed phase The exploreds range is

The conductivity and dielectric spectroscopy measureg'oﬁldto .0'5.63' T\?Vrr?ughr?ut the padper, the error barshar?_ stan-
ments were performed with a Hewlett Packard 4192A low- ard deviations. en the errors do not appear on the figure,

frequency impedance analyzérequency range 5 Hz to 13 they are smaller thgn the symbols used._F_rom the behavior of
MHz). The cell was a four-terminal sample holder devicel"® Static permittivityes(¢) and conductivityo(¢) curves

with parallel, rectangular gold plate electrodes having thdWwo different regions can be identified. In the dilute region
surfaces roughened to minimize electrodes polarizaee (#<0.10, the & and o values are low. Ag>0.10, ¢; and
Fig. 1 reported in Ref[42] where the cell is described in 7 'Ncrease rapidly as a function @f and show percolative

details. trends. . .
The cell filled with the microemulsion sample can be rep-, " the dilute region, the conductivity data can be analyzed
resented by an equivalent parallel resistance-capacitand the droplets charge-fluctuation mod86-3§, assuming

electrical circuit with the resistand@ and the capacitangg & model of hard spheres of radius 264 . This value was
given by obtained from SANS investigation [8] for the

Ca(AOT),-water-deuterated normal decane system. For this
R=1/(wkeye" +ko), C=keye€’, (9 system, the SANS experiment detects, due to the particular

IIl. EXPERIMENT
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FIG. 3. Experimental values(¢) in double logarithmic scale.
The plot shows the data belof@pen circles, bottom curyeand
above (full circles, upper curve the percolation thresholdp,
=0.142. The straight lines represent the fitting residee Eqs(4)
and(7)]. For ¢#<0.110 the nonpercolative behavior is described bypercolation threshold was performed according to &).
the charge-fluctuation model. Close to the percolation threshold thghe experimental data are plotted in Fig. 2 in double loga-
scaling laws do not apply as tfidunction of Eq.(1) diverges. rithmic scale. A linear trend is shown in the concentration

. o ] ~ range from 0.110 to 0.130. From the slope of the straight line
contrast chosen, the particle core and its interfacial regionye exponens=0.69+ 0.09 can be obtained. We recall that a
whose sum is close to the hydrodynamic particle radiusgynamic percolation process is characterized by a critical
which must be used in the application of the charge-gynonents~1.2, whereas the coefficient for static percola-
fluctuation model. The experimental data follow this modelyjo, processes is~0.7. Therefore, thes value supports a
up to ¢~0.09. In the same concentration range, the statigaic percolation mechanism. In teg ¢) curve, the scaling
dielectric constant agrees with the Hanai mo{®9,40,  eyponents above threshold cannot be evaluated for the rea-
which considers the system composed by hard spheres @hns summarized in Sec. II. The analysis of #eb) data
water plus surfactant dispersed in the continuous oily matrix(gee Fig. 1 in terms of the scaling lawjEqgs. (4) and(7)] is

For ¢>0.10, the hard-sphere model does not apply ancgeported in Fig. 3. The critical exponents obtained from the
percolation must be invoked to justify the observed conduciinear hehavior of the curves in double logarithmic scale are
tivity anq permittivity trends. In F|_g. 1, a_$ approaches t.h_e s=0.78+0.03 and u=1.542+0.014, respectively, below
percolation threshold, the static dielectric constant exhibits anq above the percolation threshold, confirming the static
maximum followed by a broad minimum and a sligh{$)  model. The linear trend below threshold extends from 0.122

increase at hight. A percolation threshold a$,=0.151 {4 0,135, a range similar to that for the static permittivity.
+0.004, can be estimated by the position of the maximumapgve threshold it extends from 0.200 to 0.563.

The errors evaluated are standard deviations throughout the 1he frequency dependence of the dielectric permittivity
paper. Thes(¢) curve is characterized by a typical sigmoi- \yas also analyzed. As an example, the frequency dependence
dal shape with a sharp increase near the percolation threspf poth the real and the imaginary parts of the complex per-
old. The percolation thresholg,=0.142+0.002 was ob- mjttivity are reported in Fig. 4 for the sample with the vol-
tained from the analysis of the curvature variation of theyme fraction of the dispersed phage- 0.135. Typical trends
o(¢) curve. In the limit of the experimental errors, the con- o percolation in microemulsions are shown by #ieande”
ductivity and the dielectric percolation thresholds are similar¢,rves. The frequency of the maximum absorption is-at
The analysis of thes(¢) curves for the samples below the \Hz, a value typical of microemulsions. The dielectric spec-
trum of Fig. 4 shows a rather broad dispersion; futhermore,

FIG. 5. The logy(e’) versus logyf) curves are shown for
samples with¢p= 0.130(open circleg, 0.145(open triangles and
0.200(open crosses The straight lines represent the fitting results
[see Eq(8)].

w
© TABLE I. The critical exponenu and the maxima values of
81 0 E tanA for samples afwater/[ surfactani= 26.6.
- 10 u tanA ax
0.110 0.26:0.01
0.122 0.320.01
= S EE— 0.125 0.34-0.01
10 10 10 0.130 0.72-0.01 0.37:0.01
f (Hz) 0.135 0.76:0.01 0.39-0.01
0.140 0.74-0.01 0.42£0.01
FIG. 4. The real and the imaginary parts of the dielectric com- 0.145 0.7%0.01 0.430.01
plex permittivity (e’, full circles ande”, open circles are reported 0.151 0.7&0.01 0.44-0.01
versus frequency, for the sample wigh=0.135, atT=25°C. The 0.200 0.77-0.01 0.38-0.01

continuous lines are a guide for the eyes.
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at ¢~0.15 (see Table )l We point out that the frequency
dependence confirms the description of the percolation phe-
nomenon in term of the static mod@icontinuous micro-
emulsion$. Thus, bicontinuous water channels in oil begin
to form in the system starting at~12%.

V. DISCUSSION AND CONCLUSION

In this paper, Ohmic conductivity and dielectric permit-
tivity were measured on samples of Ca(AQTyater in
n-decane microemulsions witfwaten/[ Ca(AOT),]=26.6.
After a preliminary investigation, the water to surfactant

FIG. 6. The tam\ versus frequency for the samples with=  mole ratio 26.6 was chosen to perform the numerical analy-
0.125(open squares 0.130(open circley 0.145(open triangles  Sis below and above threshold. The results clearly show that
and 0.200(full circles). The continuous lines are a guide for the percolation occurs in calcium AOT water indecane micro-
eyes. Broad maxima are shown by most of the curves in a freemulsions. A threshold of-15% of volume fraction of the
quency range intermediate between 1 MHz and 10 MHz whergjispersed phase was found by Ohmic conductivity and static
tan(A) is almost independent on frequency. The curve with full dielectric constant as a function @¢fand by frequency varia-
points (¢=0.200) does not show a maximum as the frequencytion of the complex permittivity. The percolation mechanism
range Is too narrow. is static both below and above the percolation threshold. In

fact, an exponens~0.7 was calculated by the(¢) and
the €”(f) curve is strongly asymmetric as other cases re<y(¢) scaling behaviors. Furthermore, by the complex per-
ported in the literaturg¢l9,27,43. In [19], the presence of a mittivity frequency dependence, the exponenis between
broad dispersion and the asymmetry of the dispersion, which.73 and 0.78, in a large interval around threshold 0.13 to
indicate a distribution of relaxation times, are fully discussed).20. In the samep interval the tam\ vs frequency has a
in both frequency and time domains. In this paper, we permaximum that spans from 0.37 to 0.44. These values are
form the analysis in the frequency domain following the pro-typical of the static percolation phenomenon. Therefore, the
cedure previously described in Sec. Il. The versus fre-  conductivity and the dielectric permittivity characterization
guency curves show a linear trend in double logarithmicstrongly suggests that the Ca(AQTyater in n-decane mi-
scale for the samples with 0.£1$<<0.29. In Fig. 5 three croemulsions form water channels in oil, starting frafm
representative curves are shown in the frequency rangealues of~12%. Further work is in progress to study the
where the critical exponeni was calculated. For all the structural evolution by small-angle neutron scattering, in or-
samples studied, thevalues are reported in Table I. All the der to understand how almost spherical droplets, found by
values calculated are typical of static percolation. We perSANS[8] at $<10%, evolve towards elongated water chan-
formed the data analysis alsodt= 0.110, 0.122, and 0.125 nels. In[44], viscosity, conductivity, dynamic light scatter-
(not reported in Table)lbut the calculated exponents are ing, and NMR self-diffusion measurements were performed
higher than those expected for both static and dynamic pero have a preliminary insight into the calcium AOT water in
colation, indicating that in this case the investigated concenn-decane microemulsion. The results indicate a preference of
trations are too far from the percolative threshold. At 0.200the system to form bicontinuous microemulsions. We have to
< ¢=0.290, the frequency range investigated is too narrowpoint out that the conductivity curves there reported repre-
to analyze the curve. sented preliminary measurements where the conductivity

As reported in Sec. Il, the loss angle defined by values aip<0.12 differ from the data reported in the present
tanA(w)=€"(w)/e'(w) is independent of frequency and paper due to impurity present in the measurement cell.
equal towr(1—u)/2, close to percolation threshold. Figure 6  Coming back to the results of this paper, the formation of
shows the tai\ (f) curves for some samples studied. All the water channels starting fromd~12% atT=25°C is an in-
samples studied show a frequency-independent range in thiication that the system undergoes a transition from droplets
tanA(f) curve where tah reaches a maximum. These to bicontinuous microemulsions at a relatively low volume
maxima values are reported in Table |. At concentratiogpof fraction of the dispersed phase.
= 0.110, the maximum is very broad and the value is lower To compare the results of the sodium AOT system with
than that of both static and dynamic percolation. Increasinghose of the calcium AOT system, we have to recall that in
¢, the maxima increase towards values typical of static perthe phase diagram of the calcium-based sys{@&in the
colation, up to the highest value, tAr=0.44, at¢ = 0.151. maximum [watern/[Ca(AOT),] mole ratio to observe a
A further increase ot leads to a decrease of the maximum monophasic microemulsion behavior is60; this corre-
value. At¢=0.200, tam\(f) increases as the frequency in- sponds to dwater/[ AOT ] ratio of 30[8]. In the sodium-
creases because the frequency range is too narrow to analylaased system, the latter is50 [45,46], indicating a higher
the curve. Thus, no sample reaches a value typical of dyability of the microemulsion to incorporate water. Another
namic percolation. consistent difference is the aqueous solubility of the AOT

From the analysis of conductivity and static permittivity surfactant: with sodium counterion it is very high, whereas
as a function of the volume fraction of the dispersed phase, with calcium counterion the AOT is insoluble in wated].
percolation thresholdp, around 0.15 was found. The fre- This leads to a minimum water to surfactant mole ratio of 4.3
qguency analysis gives the highest taws frequency values to observe monophasic microemulsion samples in the
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Ca(AOT), water inn-decane microemulsions. If compared sions, the interfacial area for surfactant molecule was
with the Na(AOT)-water binary system, in the 116 AZ? [8], almost twice the value found in the sodium
Ca(AOT),-water binary system the critical micelle concen- AOT reference systenj17,18,53, indicating that the cal-
tration is lower, and the lamellar phase, which is formed afium ion does coordinate, as expected, two (AOT)ol-

high surfactant content, incorporates water to a much lowefCUl€S whereas sodium coordinates one. This gives support

extent[47,48. Thus, the tendency to incorporate less waterf©' the sodium and calcium AOT water mdecane phase-

is already present in the water-calcium AOT binary Systeinag_ram Comparison, reported abqve. We p_oint out that Fhe
odium AOT water inn-decane microemulsions system is

The reduction of the aqueous critical micellar concentratior® f th icall | |
due to divalent counterions is well described by the PoissoncOMPosed of thermodynamically stable water droplets,
Boltzman (PB) equation, being the electrostatic free energycoated by surfactant molecules, with a radius that increases

of a charged surface inversely proportional to the counteriof©M 29 A to 80 A as the water to surfactant mole ratio
valency. However, the PB equation fails to explain the mi-ncreases from 10 to 5[(17,'18’52 and, at room temperature,
cellar growth and the swelling reduction of the lamellar"© evidence of a bicontinuous structure was found in the

phase induced by divalent counterigdg—49. Monte Carlo  Whole L region of the phase diagram.
experiments[50] demonstrate that attractive double-layer According to this framework, the results here reported on
forces appear in Ca(AOT)lamellar phases, at high surfac- conductivity and dielectric spectroscopy measurements indi-

tant content. It has been shown that this attractive electrot@te that the substitution of sodium with calcium ion in the

static force between lamellae does occur with divalent ionsStudied ternary system leads to a structure that is mainly

due to the presence of image charge forces that are ngfcontjnu_ous, except in the diluted region of theater/
present for monovalent ion@9]. The latter could be also LAOT 1=13.3line, ak<0.10. This suggests that the pack-

related to the reduced ability of the calcium AOT water in ing parameter of the calcium surfactant in the interfacial re-
n-decane microemulsions to incorporate water. The subjecqion is very different from that of the sodium surfactant and
is interesting as also recently reported &1]. that the interaction between the dispersed microdomains in

We recall that SANS experiments were performed on dithe .s_ystem should be also very different. The latter will .be
luted samples at 25°C witfwated/[ Ca(AOT),]~ 25, cor- clarified _by further_SANS analy3|s of the concentrated region
responding to[watef/[[AOT~]=12.5. This ratio is very ©Of the microemulsion phase diagram.
close to that of the samples studied in this paperter/
[Ca(AOT),]~26.6 ([wated/[AOT ]=13.3). By SANS[8],
spherical droplets with a core radius of 21.3 A and with The authors thank Professor S. A. Safran for a very help-
polydispersity of 22% were found at<0.10. The corre- ful discussion. Thanks are due to M. Cara Senatra, and
sponding sodium-based system wjithater/[AOT ]=12.5, M. Monduzzi for helpful discussions. G. Capuzzi thanks the
presents droplets having an average core radius of 28 A &Consorzio per lo sviluppo dei Sistemi a Grande Interfase,
28.6°C[17,18, which is higher than that of the calcium- CSGI” for financial support. This work was supported by
based system. Furthermore, in the calcium-based microemuMURST, CNR, CSGI, and the INFM.
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