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Interparticle interactions in water-in-oil microemulsions:
Dielectric and ir investigations
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The high-frequency dielectric response of sodiuniisthylhexyjsulfosuccinaté AOT) reverse micelles in
n-heptane has been measured in the range 0.01-20 GHz as a function of volume #acfiandispersed
phase at a fixed value of the water to surfactant molar Mafie11. A relaxation phenomenon has been
observed that is connected to the AOT ion pair diffusion at the water-surfactant interface. This dielectric
relaxation has been found to be markedly affected by the interparticle interactions that have been modulated by
adding different amounts of NaCl. In order to reveal the connections between attractive interactions among the
droplets and the stereochemical configurations of AOT molecules, an ir study has been performed on the
carbonyl stretching band of AOT molecules in the micellar aggregates. A comparison with dielectric data
shows that a correlation exists between the intensity of attractive interactions and the composition of AOT
rotamers in the microemulsion system. These results support the hypothesis that attractive intermicellar inter-
actions are favored by a particular orientation and packing of nonpolar tails of AOT molecules in the micellar
microaggregatd.S1063-651X98)10312-4

PACS numbeps): 82.70-y, 77.22.Gm, 77.84.Nh, 63.50x

[. INTRODUCTION celle increases approximately with® and, as a conse-
qguence, the particle concentration correspondingly decreases.
In recent papers we reported on the investigation of di- In order to better understand the role of interactions in the
electric and ir properties of sodium kisethyl- dynamics of these systems, dielectric measurements have

hexyl)sulfosuccinate(AOT) microemulsions inn-heptane thus been performed following the easier pathway, which
and CC} [1-3]. A dielectric dispersion was observed in the k€€ps the interaction constant at each series of measure-
microwave region. The evolution of its dielectric parametersTents varying the value o, at a fixed molar ratioW
was examined as a function of the water to surfactant molar 11. n-heptane was chosen as the dispersing medium in

ratio (W) at different volume fractionsp of the dispersed order to enhance interactions effe€fy; different series of
phase(water plus AOT. In the dilute limit, the behavior of measurements have been carried out modulating the strength

this dielectric relaxation withV was interpreted in terms of of these attractive interactions by adding different amounts

e . . o of NaCl.
B B g, T METSEopc g of ffactve s n o
. . ' ' “sions is still not clear. A possible explanation was proposed

re_Iaxat|on process observed in the almost dehydrated reverﬁ?, Lemaire, Bothorel, and RoU%] on the basis of a mutual
micelles was attributed to the rotational diffusion of the i iernenetration of the surfactant tails. This model is consis-
whole micellar aggregate having an almost rigid structuregn; with the small-angle neutron scattering and light data of
As the water content inside the micellar core is increased, 8Ruang and co-worker§4,7]. According to the model of
increasing fraction of completely hydrated AOT ion pairs | emaire, Bothorel, and Roux, a strong dependence of the
achieves enOUgh mOblllty to give a Separate contribution thteraction on the packing of nonpo|ar tails of AOT mol-
the relaxation process. So, at the highest value®Vpthe  ecules in the microaggregate is expected. It should be no-
dielectric relaxation was supposed to rise from the fluctuatticed that the proton magnetic resonance d&tal0] and ir
ing dipole moment imparted to the microaggregate from thepectra[11-13 in the carbonyl stretching region suggest
AOT ion pair diffusion at the water-surfactant interface.  that AOT molecules are present in the water in oil micro-

This dielectric relaxation was found to be markedly af-emulsions as a mixture of two different rotational isomers
fected by interparticle interactions. Our data, in agreemenhaving a different packing factor whose composition de-
with previous result$4—6], show that interactions in these pends on different parameters such as the dispersing me-
systems depend on the oil molecule size and the molar ratidium, temperature, and/. To the best of our knowledge, no
W and are deeply affected by the addition of small amountstudies have been performed that point out possible connec-
of electrolyte. tions between attractive interactions among the droplets and

The results obtained from the previously followed experi-the stereochemical configurations of AOT molecules. With
mental pathway2,3] (change ofW at a fixed value ofp) are  this in mind, an ir study has been performed on the carbonyl
difficult to interpret quantitatively since the dielectric re- stretching band of AOT molecules in micellar microaggre-
sponse is connected to both interactigdepending o)  gates to ascertain a possible correlation between the compo-
and particle concentratioflepending on botlgp andW). In  sition of AOT rotamers and intermicellar interactions as re-
fact, increasing/V at a fixed ¢, the volume of a single mi- vealed by dielectric measurements.
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Il. EXPERIMENT 7

AOT 99% (Aldrich producy}, purified by recrystallization €
from methanol and dried in vacuum, was stored in vacuum
over ROs. Residual watefabout 0.2 mole of water per mole
of AOT revealed by using a Karl Fischer titratdras been
considered as a part of the total water in the mixture. %,
heptane 99.5%Fluka product was used without further pu- 5 1 %,
rification. Deionized and bidistilled water was employed to °°o°°

prepare the samples; salted samples were prepared with s

dium chloride 99-% (Aldrich producy. ]
The mixtures were prepared by weight, keeping constan

the molar ratioW=11 and varying the volume fractio# of S

dispersed particle in the range 0.025-0.3. Five series o 3 $=0.25

samples were made at different concentrations of NaCl in \ $=0.20

water, varying in the range betweeOand 0.3. Rasacd: S
Measurements of the complex dielectric constant have

been carried out in the frequency domain using an open co "6 "7 '8 'S o ang

axial cell consisting of a section of a transmission line with 10 10 10 10% 3x10

its center abruptly terminated. The dielectric liquid to be frequency (s™")

measured fills the coaxial section of the cell and extends

beyond the center conductor in the tube formed by the outer FIG. 1. Real part ') of the complex dielectric permittivity of

conductor of the coaxial line. The values of the real andAOT/H,O/n-heptane microemulsionsA(=11) for some selected

imaginary parts of the dielectric constant were obtained fronvalues of the volume fractiog of the dispersed phase.

that of the complex impedance of the cell, measured by

means of vectorial Network Analyzers. To this purpose, aontributions to the dielectric spectrum, suggesting a negli-
Hewlett-Packard(HP) Model No. 8753A is used up to 3 giple clustering process of microaggregates in these systems.
GHz and a HP 8720C up to 20 GHz. The spurious effects’ As an example, Fig. 3 shows the dielectric spectrum of
introduced by the connectors and by other discontinuitie$ne of the samples examinéd=0.2, [NaCl]=0M) in the
were corrected by means of the calibration procedure thaﬁequency region 0.01-20 GHz. The frequency dependence
considers the equivalent circuit of the transmission line conyf the complex dielectric constant was described as in previ-
sisting of three impedances whose values are obtained Rys workg1-3] in terms of the superposition of a Cole-Cole
measuring three known materials. In our calibration proceye|axation function, relative to the contribution of AOT ion
dure air, carbon tetracloride, and iodomethane were Use%airs, located in the 100-MHz frequency region and a Debye-

For more details, see Refl4]. All the dielectric measure- tyne function accounting for the reorientation of water mol-
ments have been performed at the fixed temperafure

=(20.0+0.1) °C.

ir spectra were taken at room temperature by means of ,
a Shimadzu Model No. 470 infrared spectrophotometer€
equipped with a variable path-length cell and gafdows.
The typical path length employed was around 100.

Ill. RESULTS AND DISCUSSION

A. Dielectric measurements

Figure 1 shows the real par¢() of the complex dielectric
permittivity of AOT/H,O/n-heptane microemulsions in the
range 0.001-3 GHz for some selected valueghofrhe di-
electric spectrum of the most diluted samples exhibits a high-
frequency dispersion region located around 100 MHz, which
has been attributed to the diffusion of AOT ion pairs at the
water-surfactant interfadd.]. As ¢ is increased, the strength

of this dielectric relaxation rapidly increases and an addi- 2 -4 T T T T
tional dispersion appears in the low-frequency region, con- 108 107 108 10° 3x10°
nected to the clustering process of microaggregdtgs17]. -1

The contribution of this relaxation phenomenon to the high- frequency (s™)

frequency region f{>10" Hz) is, however, negligible. Fig-

ure 2 shows the dielectric spectrum of samples in which pure FG. 2. Real part ¢) of the complex dielectric permittivity of
water has been replaced by a M.5NaCl brine. A less  AOT/H,O/n-heptane microemulsions\(=11) for the same se-
marked effect of the particle volume fraction on the values ofiected values o as in Fig. 1. In these samples pure water has been
€’ is evidenced in addition to the absence of low-frequencyeplaced by a 0/@ NacCl brine.
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frequency (3-1) FIG. 5. Relaxation time %) vs ¢ for samples of microemul-

sions relative to different concentrations of NaCl brifg. experi-
FIG. 3. Real €¢') and imaginary €”) parts of the dielectric ~mental points;—, fitting according to Eq(5).

permittivity vs the frequency of AOT/(D/n-heptane microemul- . . .
sions(¢=0.2, W=11). O, experimental points—, best fit ac- ity by means of the Marquardt algorithm. The best fit curves

cording to Eq.(1). Cole-Cole and Debye-type contributions to best of the expe_rimental spectra are reported in Fi@(ﬁid_ ””‘?9
fit of €(w) are also showi— — —). together with the Cole-Cole and Debye-type contributions to

the best fit of the imaginary part of the dielectric permittivity
ecules confined within the micellar core that contribute to thd € ()] (dashed lines The Debye dispersion located in the

high-frequency part of the spectrum: region of the relaxation of bulk water is not completely con-
tained in the available frequency window and makes only a
. €1— € €— €x small contribution to the spectra. The values of dielectric
€ (w)=€,+ 1+(ia)7‘1)l_a+ THiwn,’ (1) parameterse;— €, and 7, are affected by relatively large

errors, making impossible the singling out of a well-defined
wheree;, ¢ , ande,, are the low-, intermediate-, and high- trend in the data. A deeper discussion on the behavior of this

frequency values of the complex dielectric constant, respec.r—eI""X"’V['(.)n.'S beyond the purpose of the pre;sent work. How-
tively, w is the angular frequency of the applied electric field, Ve Itis 'mPQr}S‘”t to notice that the experimental valugs of
r, and 7, are the relaxation times of the two processes, and2 (7,=6X10"""s) are Iower_t?zan those Sf the relaxatlon
a is a parameter characterizing the width of the relaxatiorf M€ Of bulk water ¢=9.3x10""%s) at 20 °C. This result
function aroundr,. can be interpreted in terms of an increase of the _reorlentanon
The interpolation procedure of the experimental data as ate el molecules_confmed_|nS|dg the micellar core.
function of frequency was carried out by fitting the values of imilar results were obtained by dielectric measurements on

both the real and imaginary parts of the dielectric permittiv—eIECtrOIytIC solutiong 18]. .
The present paper refers to the low-frequency relaxation

processes. The values of the parametgrand 7, are re-
[NaCl]=0 ported in Figs. 4 and 5, respectively, vs the volume fraction
15 ¢ for each of the investigated series of samples at a fixed
NaCl concentration. Botle; and 7, increase monotonically
and nonlinearly with¢ and this dependence is more and
0.1 more pronounced as NaCl concentration in the micellar
aqueous core is reduced. The shape paranzetereps ap-
proximately constant ag is changed. Typical values af
around 0.2 have been obtained.

In order to discuss the role of micellar interactions in the
0.5 dielectric response of these systems we followed the analysis
5 introduced by Van Dijlet al.[19]. In particular, the behavior
of the complex dielectric constant of water-in-oil microemul-

: . : . , , , sions was explained in terms of the polarizability of the sys-

0.0 0.1 0.2 0.3 tem on introducing an extension of the Clausius-Mossotti
equation to higher volume fractions. In fact, for sufficiently

¢ dilute suspensions of particles, the Clausius-Mossotti relation

FIG. 4. Low-frequency values of the dielectric permittivity’ gives
vs ¢ for samples of microemulsions relative to different molar con-
centrations of NaCl brineD, experimental points. Lines are a guide a= ——=a, o, 2)
for the eyes. et2en P

€
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FIG. 6. Ratio of polarizability(@) to the volume fraction of the dispersed phdge vs ¢ for samples of microemulsions relative to
different concentrations of NaCl brin€), experimental pointd®, calculated for a hard sphere syst&me the text —, linear fit;— — —,
a guide for the eyes. Inset: interaction paramétggee Eq.(3)] as a function of NaCl concentratiorr. — —, value of| calculated for a
hard-sphere suspension.

with e the (measurablepermittivity of the samplese,,, the  The slope of the straight line corresponds to the valué of
permittivity of the continuous oil phase, anrd, the dipole  and the intercept ap=0 to the polarizability of the single
polarizability per unit volume of a reverse micelle substituteparticle «,, .
homogeneous sphere of permittivigy suspended in oil. The ol ¢ values relative to each sample were calculated by
If the volume fraction of dispersed particles becomesreplacing the value ok; obtained from fitting the experi-
larger, interactions between the spheres should be accountetental spectra te of Eq. (3). In Fig. 6 the behavior ot/ ¢
for. In fact, if two or more spheres approach each other to &s ¢ is shown for all the investigated series of samples rela-
distance comparable to their radius one must take their mukive to different concentrations of NaCl brine. It can be no-
tipole fields into account in the calculation of the total dipoleticed that the experimental values @f¢ vs ¢ show a linear
moment of the cluster of the spheres. If the spheres are coirend, suggesting that the clusters present in the examined
ducting or, alternatively, if the dielectric constant inside the
spheres is much larger tha#,, one finds that the polariz-
ability of such a cluster is enhanced considerably above the
value found using only dipole polarizabilities for separate 20 A
spheres. So when the assumption of independent particles
breaks down the average polarizability can be obtained ac-
cording to the more general expression

B
10
€—€n

5. = pp[1+ ¢l (4, T)], )

a:
et+2en .

wherel(¢,T) gives the correction to Clausius-Mossotti re-
lation. 0 1 2 3 4 5

If the volume fraction is not too large most clusters will
be dimers and one expects, in the context of this clustering
model[19], that the interaction parametelis no longer¢ FIG. 7. Plot ofB vs |. Values ofB were obtained by fitting,
dependent, becoming a constant at a fixed temperature. lfalues according to Eq5); | values were obtained from the slopes
these conditions a linear behavior @f¢ vs ¢ is expected: of lines in Fig. 3.—, linear fit.
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samples are mainly dimers. In order to obtain the valuds of 0.6 —
and a,, a linear regression procedure has been applied to
each series of experimental points. The slope of the best fit ]
lines reported in Fig. 6 decreases as NaCl concentration is < *
increased in the systef(aee the inset of Fig.)6These results

suggest that dimer formation is more and more hindered for 0.4 1
increasing NaCl concentration within the micellar aqueous
core. In spite of the strong dependencd @i salt concen-
tration, the values obtained fa, from the different series of
measurements do not depend on the amount of NaCl dis-
solved in the agueous core. A value @f close to 0.62 is
always obtained. According to this result, the addition of
NaCl does not affect appreciably the single-particle polariz-
ability.

The decrease in the values lobn increasing NaCl con- 0.0 +=ez2--- .Y
centration shows that attractive interactions are progressively i T
lowered by the addition of electrolyte and that the system 1750 1700 1650
behaves more and more like a hard-sphere suspension. To ? (em™)
obtain further support of this idea, we calculated the values
of | expected for a hard-sphere system. To this aim we used FIG. 8. Infrared absorption spectra of AOT®In-heptane sys-

Igauche/ I(ol
o
Y
@

0.86 L7 T r T T T
0 01 02 03 04 05
[NaCl] (M)

absorbance

0.2 1

the expression given by Van Dijit al. [19]: tems in the carbonyl stretching frequency regiorn—, experimen-
tal spectrum;— — —, Gaussian components calculated by deconvo-
a(s) lution of the experimental spectrum. Inset: ratio between the

| = 3R’3f ds Sg(s) , (4) intensity of the band at lower frequencies assigned to the gauchelike
0 conformer (ga,cnd @nd the intensity of the total carbonyl barig,j

as a function of NaCl concentratiorn. — —, a guide for the eyes.

—1
ap

whereR is the micellar radiusg(s) the pair correlation func-

tions for the distribution of the spheres, an@s) the dipole

polarizability per unit volume of two spheres at a distasCe (jqn of salt concentration and those of the interaction param-

averaged over the_ po_ssible 0rier_1tations of the pair With_ "€terl. In Fig. 7 the values oB are plotted as a function of
spect to the electric field. Equatidd) can be evaluated if he yalyes oft obtained from the slopes of lines in Fig. 6.

g(s) and a(s) are known. We used fog(s) the Percus-  Thg |inear behavior oB vs I further supports the proposed
Yevick hard-sphere pair correlation function and tefs)

; description.
the values for a system of conducting sphd3. The val-
ues ofl resulting from this procedure together with the ex-
perimental value ofx, were used to calculate the function B. Infrared measurements
al¢ vs ¢, for a hard-sphere suspension, by means of(8q. Figure 8 shows the ir spectra of AOT48/n-heptane sys-

The result is shown in Fig. 6. It can be noticed that, as theems atW=11 in the carbonyl stretching mode region
concentration of NaCl increases, the behaviorathb vs ¢ (1800-1600 cm?) corrected for the water bending mode
approaches the one calculated for the hard-sphere suspegbntribution(around 1650 cm?). A band around 1730 cnt

sion. This result agrees well with the conclusions of previousyith an asymmetric shape can be observed. The carbonyl ir
neutron scattering20], light scattering[6], and viscosity

[21] measurements on similar systems, suggesting that at: 0.90
tractive interactions among the droplets are affected by the
addition of electrolyte so that the salted systems behave more
like hard-sphere suspensions than their unsalted counterpart:
Attractive interparticle interactions and dimer formation

are also expected to influence the dynamical properties of the
microaggregates and thus the activation energy of the relax-
ation is expected to depend on the salt content @AdA
fitting procedure was applied to the experimental values of
71 VS ¢ by using the equation

Igaucho/
o
o
™
1

2
1= 1€B?”, 5

where 7, is the relaxation time for a noninteracting sphere 0.86 ' ' ' '
suspension an& accounts for the strength of the attractive 0 1 2 3 4 5
interactions. Figure 5 shows that E¢) appropriately de- |

scribes the behavior of; vs ¢ for each of the investigated

series of samples. The values Bfobtained by the fit de- FIG. 9. Values ofl gayend o (M) Vs values of the interaction
creases with increasing amount of electrolyte in the samplegarametet calculated for the same NaCl concentrations=, lin-
A correlation is expected between the valueBafs a func-  ear fit.
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6 that lends support to the hypothesis of a direct correlation
a) between the presence of attractive interactions and the com-
position of the mixture of AOT rotamers.
41 This hypothesis also provides a possible explanation of
Ny the complex shape of variation of the relaxation strength
< ) +NaCi Ae;=€,— € [see Eq(1)] and 7, vs W when ¢ is constant,

as observed in previous work®,3] and reported in Fig.
10(a) for the case of the AOT/$D/n-heptane system ab
=0.2. In particular, the experimental values /&, attain a
- - - - - - maximum forW close to 7—8. This maximum, which corre-
sponds to a minimum for the percolation threshid@dd], de-
b) creases with increasing salinity. Quantities such as conduc-
tivity, permittivity, and viscosity show similar behavior
2 [15,21,22.
\5 0.85 - Figure 1@b) shows that the hydration process of
: AOT/H,O/n-heptane microemulsions is accompanied by a
change in the profile of the infrared band relative to the car-
bonyl stretching mode. A gradual increasel jg,cnd | or CaN
be observed up t@V close to 10, related to an increase with
10 20 W of the fraction of gauchelike conformers in the equilib-
w rium mixture. Moreover, the value of the intensity ratio
I gauchd | 1ot IS significantly reduced when NacCl is added to the
samples. These results further support the hypothesis that the
attractive intermicellar interactions are favored by a particu-
lar orientation and packing of nonpolar tails of AOT mol-
ecules in the micellar microaggregate. According to this, the
maximum in the permittivityA e; [Fig. 10@)], conductivity,
viscosity, etc., can be explained in terms of the presence of

band has been reconstructed as a sum of two Gaussian pedg® antagonistic effects connected to the experimental path-
centered at 1738 and 1727 ¢hn These two Gaussian com- Way followed here i.e., the change\Wfat a fixed value ofp.
ponents arise from a mixture of rotational isomers, with theThe first effect is a rapid increase of the interaction vilth
band at higher frequencies assigned to the translike conforngorrelated to a change in the composition of AOT conform-
ers and the other to the gauchelike confornjés. ers in the microaggregate. This effect is predominant at low
In the inset of Fig. 8 we report the behavior of the ratio W values and saturates fa/>10. The second effect is a
between the intensity of the band assigned to the gauchelikéecrease of both the number of micellar microaggreg@es
conformer and the total carbonyl band as a function of NaCLW?) and their diffusivity connected to the linear increase
concentration. It can be noticed that the intensity ratio dewith W of the water droplets radius. As a result, the values of
creases with increasing salt concentration in the water pool €1 pass through a maximum &¥ close to 8 and then de-
especially at the lowest salt concentrations. This ratio hasrease at largew values.
been assumed to measure the fraction of gauchelike con-
formers in the equilibrium mixture. It can be noticed that its IV. CONCLUSIONS
value decreases for increasing salt concentration in the water _. . _
pool, especially at the lowest salt concentrations. This result, DI€lectric spectroscopy and ir data have been used to

which was found not to depend on the volume fraction ofétUdy _the microscopiq origin of attractive forces in micro-
dispersed phase, suggests a lower and lower fraction (ﬁmulsmns. The experimental pathway followed here, keep-

gauchelike conformers in the equilibrium mixture as Nac|'Ng constant the molar ratio and varying the volume fraction

concentration increases. Previous studi®k showed that of dispersed parti<_:|es for _differe_nt concgntrations .Of NaCl,
these two isomers have different packing factors. In particu—?‘”ov".ed us to obtain quantitative |nformat|0|_1 on thg Interpar-
lar, the gauchelike conformer, being the most amphiphilict'cIe interaction from th? vglue .Of the eleqtr!c permittivity of
one with both GO groups oriented towards the polar :sidethe sample. A'deeper insight m.IO the orgin Of. |nterag:t|ons
of the surfactant water interface, occupy a larger area pepas been obtained by a comparison of dielectric and ir data.
polar head group. We have suppog@iithat the organiza- In fact, a strong correlation has been found between the num-
tion of the surfactant polar groups influences the orien'[atiorlf).er of AOT gaucheﬁke conformers. deduceq frqm the e_maly—
and packing of surfactant chains and, as a consequence, t 5 of the carb_onyl Ir band and the mterpqrncle Interaction as
probability of overlapping between droplets. According to educed by dielectric measurements. This result supports the

this hypothesis, a correlation is expected between the fra(gmdeI proposed by Lemaire, Bothorel, and Rq&% who

tions of AOT gauchelike conformers and the interaction pa_attribute the attractive forces among droplets to the possibil-

rameterl, as obtained from dielectric measurements. In Fig.Ity of a mutual interpenetration of surfactant tails.

9 the behavior of the fraction of gquchehke (_:onformers esti- ACKNOWLEDGMENT

mated for all the NaCl concentrations considered is plotted

versus the interaction parametecalculated in the same ex- This work was supported in part by a contribution from
perimental conditions. A linear behavior can be observedhe Consiglio Nazionale delle RicercliRome, Italy.

0.80

O 4

FIG. 10. AOT/H0/n-heptane microemulsionsp=0.2). (a)
Relaxation strengti €; and (b) intensity ratiol gacnd | 1ot VS W. @,
microemulsions containing 4@; O, microemulsions containing
0.5M NacCl brine. Lines are a guide for the eyes.



PRE 58 INTERPARTICLE INTERACTIONS IN WATER-IN-OL . .. 7663

[1] M. D’Angelo, D. Fioretto, G. Onori, L. Palmieri, and A. San- [12] D. J. Christopher, Y. Yarwood, P. S. Belton, and B. P. Hills, J.

tucci, Phys. Rev. 552, R4620(1995. Colloid Interface Scil52 465 (1992.

[2] M. D’Angelo, D. Fioretto, G. Onori, L. Palmieri, and A. San- [13] P. D. Moran, A. Bowmaker, R. P. Cooney, J. R. Bartlett, and J.
tucci, Phys. Rev. B54, 993(1996. L. Woolfrey, Langmuirll, 738(1995.

[3] M. D’Angelo, D. Fioretto, G. Onori, and A. Santucci, J. Mol. [14] D. Fioretto, A. Marini, M. Massarotti, G. Onori, L. Palmieri,
Struct. 383 157(1996. A. Santucci, and G. Socino, J. Chem. P88, 8115(1993.

[4]J. S. Huang, J. Chem. Phy&2, 480(1985. [15] J. Peyrelasse and C. Boned, J. Phys. CH&9n370 (1985.

[5] B. Lemaire, P. Bothorel, and D. Roux, J. Phys. ChéW.  [16] . Cametti, F. Sciortino, P. Tartaglia, J. Rouch, and S. H.
1023(1983. Chen, Phys. Rev. Let75, 569 (1995.

(6] Bl.ggedwell and J. Gulari, J. Colloid Interface Sdi02 88 [17] Y. Feldam, N. Cozlovich, I. Nir, and N. Garti, Phys. Rev. E
(1984. 51, 478 (1995.

(7] Sh Fliuzf;g‘ I\? QAL-”;Skaefrinﬁ '\:'xvKlLrgég'sizgge; M. Kotlar- 11g] 3. Barthel, H. Hetzenaur, and R. Buchner, Ber. Bunsenges.
vk, : , Phys. . " : Phys. Chem96, 988(1992.

8] A. N. Maitra and H. F. Eicke, J. Phys. Che8b, 2687(1981). B .
%9% A Maitral J. Phys Cherlr88 5122():[984) (19839 [19] M. A. Van Dijk, J. G. H. Joosten, J. K. Levine, and D. Be-
[10] A. Maitra, G. Vasta, and H. F. Eicke, J. Colloid Interface Sci. deaux, J. Phys. Che@S, 2506(1989.
[20] R. Ober and J. Taupin, J. Phys. Chegd, 2418(1980.

93, 383(1983. .
[11] H. MacDonald, B. Bedwell, and E. Gulari, Langmy 704  [21] C. Boned and J. Peyrelasse, J. Surf. Sci. Techifidl.(199).

(1986. [22] G. Onori and A. Santucci, Trends Chem. Ph4s215(1996.



