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Intradiffusion coefficients of sodium alkylsulfonates [CH;—
(CH,),_;.SO; Na*, C,SNa] (n = 5-9, 11) in mixtures with heavy
water were measured by the PGSE-NMR technique at 25°C. A
slope change in the experimental trends permits the determination
of the critical micelle concentration (CMC). In the micellar com-
position range, solubilized TMS molecules were used to determine
the micelle intradiffusion coefficient, from which the micelle radii
were obtained. Both the monomer surfactant and the micelle
intradiffusion coefficients show a sharp decrease above the CMC.
These results can be interpreted in terms of the obstruction effect
due to the micelles. The electrostatic repulsion among charged
particles strongly enhances this effect. A simple approach that
permits the computation of the Gouy—Chapman layer thickness
from the experimental coefficients has been proposed and the
results are briefly discussed. © 1999 Academic Press
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INTRODUCTION

surements for agueous solutions of some anionic surfactants
the sodium alkyl sulfonates class [GHCH,), .—SO,Na,

C,SNa]. These tensides, particularly the shorter ones, ha
high critical micelle concentration (CMC) values, so that the
monomers cannot be neglected and all the above-mention
interactions must be considered. In these conditions, obtaini
unique and reliable values of the micellization parameters
difficult. For this purpose, techniques are required that ce
distinguish the properties of the micelles from those of monc
meric units. From this point of view, transport property mea
surements seem to be an appropriate experimental approz
The paper presented here is a part of a more extensive work
the transport properties of alkyl sulfonates sodium salts |
aqueous solution. In a companion paper mutual diffusion c
efficients in the same system are presented and discussed
In this work we report and comment on surfactant intradiffu
sion coefficients. The PGSE-NMR technique provides accura
intradiffusion coefficients for the random thermal motion of
surfactants in systems of uniform chemical composition. In th
following sections we determine separately the intradiffusio

The association of amphiphilic molecules into micellar agsyefficient of both the micellar aggregates and the monomer

gregates in aqueous solutions leads to a reduction of the engfits. The diffusion coefficient of micelles extrapolated tc
getically unfavorable contact between water and the apolgfinjte dilution is related to their hydrodynamic dimension.
parts of the amphiphilic molecules while the polar groups agg,rthermore, we analyze the experimental data and propos
still solvated by water. _Alt_hou_gh the hy_drophoblc Interactiongery simple approach to obtaining information on the electrc
among the apolar moieties in the micellar core have begpyic interactions in solution. We think that our data eventual

extensively analyzed (1, 2), the understanding of the interagy| pe yseful for testing theoretical treatments for these kind
tions involving the polar groups is less well developed. Thg systems.

strength of the interactions between the surfactant molecules
largely depends on their hydrophilic moieties. In recent years,
we have extensively studied micellar systems formed by non-
ionic ethoxylated tensides (3—6). For dilute solutions of theseMaterials. Sigma analytical reagent grade sodium 1-pentan
surfactants, the interactions between the polar heads are wesakonate [GH;;SO;Na, GSNa], sodium 1-hexanesulfonate
On the contrary, for ionic surfactants the electrostatic monfi2¢H,;SO;Na, G:SNa], sodium 1-heptanesulfonate ;[;sSO;
mer—monomer, monomer—micelle, and micelle—micelle intelda, C,SNa], sodium 1-octanesulfonate ;. SO;Na, GSNa],
actions are important and determine the behavior of the sgedium 1-nonanesulfonate J&,,SO;Na, GSNa], and sodium
tems (7). 1-undecanesulfonate [,;SO,Na, C;;SNa] (declared purity
In this paper we present the results of intradiffusion mea-98%) were dried under vacuum before use and used withc
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further purification. The solvent used was@ obtained from alteration of the structural properties of the micellar aggre
Sigma ¢99.96% isotopic purity). All solutions were prepared byates. In fact DO is thought to be slightly more structured thar
weight. As will be discussed later, solubilized tetramethylsilarté,O (14). Berr (15) showed that these differences are vel
(TMS, Sigma, purity 99.9%) was used in the micellar compositieamall and become appreciable only for surfactants with lor

range to measure the micelle intradiffusion coefficient. hydrophobic chains. For this reason we neglected this effec
Intradiffusion measurementsThe intradiffusion coeffi-
cients were obtained by using the FT-PGSE NMR technique RESULTS AND DISCUSSION

(9, 10). A spectrometer operating in thid mode at 80 MHz

and equipped with a pulsed magnetic field gradient unit madeThe development of explicit theories describing micella
by Stelar (Mede, Italy) was used. The Varian spectrometer wa@gregation beyond thermodynamic treatments is a difficL
modified for better temperature control by using an externgfoblem because the molecular interactions involved are t
refrigeration and water recycling built by RefCon (Naplesjomplex to be described in terms of statistical mechanics. Th
according to our design. This equipment provides efficieAtodels are used generally for linking micelle formation tc
temperature control of the water cooling the magnet and of ttlecular solution structure. These models permit analysis
air cooling the sample. A Stelar variable temperature controllél€ experimental data in order to obtain information about tr
(Model VTC87) was used to keep the sample temperaturicellization process.

constant within 0.1°C. The micellization process of a surfactant can be described
The individual spin-echo peak amplitud®, for a given line @ phase separation (16), so that the concentration of the mo
is given by mer species becomes constant and equal to the critical mice

concentration (CMC) at higher concentration. For intradiffu
sion measurements, the CMC determination was discussed i
A=A, exp[ _7292@a§2<A - i) ] , [1] previous paper (5). Above the CMC, according to this mode
the monomer concentration is constant, while the micelle co
centration is approximately given by (17)
whereA, is a constant for a given set of experimental condi-
tions, vy is the gyromagnetic ratio of the protofj, is the C — CMC
intradiffusion coefficient of the species responsible for the Cu=—-—""
NMR signal, g is the strength of the applied gradient, athd

and ¢ are time parameters in the pulse sequence. The timﬁ Cis th ichi . . £ surf
between the 180° and 90° pulses, was kept constant. The WhereC is the stoichimetric concentration of surfacta@t,

duration of the two gradient pulses, was varied over a the micelle concentration, andis the aggregation number.

suitable range to observe the decay of the spin-echo signal Altern_atively, _the_micellization process can be de_scribed é
The parameters in the above equation were obtained %yhemlcal equilibrium (18). For anionic surfactang,
applying a nonlinear least-squares routine to the decayad
a function of¢&. In order to evaluate the values of the intradif- nS +gM* = (§M,) "9 (3]
fusion coefficientsg must be known. Measurements to estab- o
lish its value were performed on a reference sample with _ [SaMq]
known intradiffusion coefficient; we used heavy water with [STIM7]%
trace amounts of light watefi(,no = 1.872x 10 °m?s ™, 11).
The sulfonates’ intradiffusion coefficients were measured folvhereM ™ is the counterion and is the number of counterions
lowing the signal intensities of the GHyroups protons not bound to each micelle. i is sufficiently large, the equilibrium
adjacent to the sulfur atond (= 1.3). The experimental errorsmodel also predicts the onset of micellization in a very narro
on the intradiffusion coefficients were generally less than 2%ange of concentration. However, the monomer concentratit
In order to correct the intradiffusion coefficients obtained idoes not become constant at higher concentrations.
deuterated solutions back to those in normal water, it is nec-Both models are simplified models that do not account, fc
essary to multiphs, by the factor 1.23 (12), which is the ratioinstance, for the polydispersity or for the activity coefficients
of intradiffusion coefficients of normal and deuterated wateof the solute species. However, they are good enough to gi
Similarly, the molalities in heavy water were multiplied by theeasonable insight into the behavior of surfactants solutiol
P00 ratio in order to obtain the molalities in light water.through the micellization process (19), although more sophi
The concentrations were computed using the literature denditated models are described in the literature (20, 21). Tt
data (8, 13). (No literature data are available fgBNa. In this choice of the model is mainly related to the discussion ¢
case densities were estimated by interpolating tifeNa and experimental results. We have used both models in the pa
C,SNa data.) For surfactants with short hydrophobic tails, which usuall
The isotopic substitution of the solvent might result in apresent high and poorly marked CMC values, the properties

: (2]

n

[4]
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the systems are well described by the equilibrium model. In Ce nCy,

this work the experimental intradiffusion coefficients are first @ = PePe + (1 = POy = = De+ ~ <~ Dy, [8]
treated according to the phase separation model. The results

permit computation of the equilibrium parameters from thv(?/herepF is the fraction of amphiphile in the monomeric state

mutual diffusion coefficients (8). These parameters have been . .
and Ce is the free monomer concentration.

used to reanalyze our intradiffusion data to obtain new infor- . :
For the systems under consideration thevalue decreases

mation about the intermicellar interactions. This is an interest:
. . . . . . .. . _sharply above the CMC. The strofgdependence on concen-
ing example in which the combined analysis of mtradlffusmp

e . . . ation is usually attributed to the obstruction effect. In fact th
and mutual diffusion data largely improve the information tha . : )
: : . mean square root displacement of a particle decreases if

can be obtained from a single technique.

The experimental intradiffusion coefficients are collected jpeets some hindrance in its motion; big particles, like micelle

i . )
Table 1 and shown in Figs. 1-6. In all cageshows a change Qlow the motion of other micelles and of the free monorfgy.

of slope at the CMC. The measured CMC values are collect%HngM both depend on the vol_ume fract|or_| of micelles. The
resence of charged particles increases this effect because

in Table 2, where they are compared with some IiteratU(F—:t)(?ectrostatic repulsion. As a consequence for ionic tensides

values. In the cases of,6Na and ¢,SNa, whose CMCs are '

very low, we were not able to measure the intradiffusion —the free monomer intradiffusion coefficient, in the micel-

coefficient in the premicellar composition range. lar composition range, is different from that measured at th
The intradiffusion coefficients obtained for thgSINa aque- CMC, %¢"°, where micelles are absent, and shows a depe

ous solutions are in very good agreement with those measudethce on the surfactant concentration;

by Lindmanet al. (22). —the micelle intradiffusion coefficient is not constant.

In the premicellar composition range the intradiffusion co- \ijcelle intradiffusion coefficients.%,, can be estimated
efficients may be fitted as a function of the square root of tl@&perimentally by the addition of TMS to the system. In fact
ionic strength (23)], as is usual for electrolyte solutions:  for a3 compound in a micellar solution which is entirely con:

fined to the micelles and has a negligible solubility in the
D =D*(L - al?? [5] intermicellar solution, the observed intradiffusion coefficien
will be the same as the intradiffusion coefficient of the micelle

The fitting parameters are reported in Table 2. The intradiff&6)- With this purpose, we added TMS in trace amounts to 0
sion coefficients extrapolated to infinite dilutio,”, can be Solutions. TMS is a strongly hydrophobic molecule and i

compared with those computed by the Nernst relationship, solubilized in the micellar core. Below the CMC no NMR

signal from TMS was observed. This was ascribed to th
diffusion of the probe to the air—water interface in the absenc

Gy = g)\f 6] of solubilization sites in solution (27). In micellar solutions,
F electrostatic repulsion should prevent intimate micelle—micell

contacts, barring collisional transfer of solubilized molecules
where % is the Faraday constant and is the limiting con- For these reasons we followed the TMS NMR signal, in orde
ductivity of the surfactant anion. Clunet al. (24) obtained\” to measure directly the micelle intradiffusion coefficient. The
for the sodiumm-alkyl sulfonates from experimental equivalenTMS intradiffusion coefficients are collected in Table 1. In-
conductances assuming the limiting conductivity of N&7 = spection of Figs. 1-6 shows that, — % as the surfactant
50.10 ohm* cn?, from the literature (25). As one can see irconcentration increases and the monomeric contribution b
Table 2, the agreement between the experimental and tmemes negligible. As a consequence, it seems realistic to
computed®” is very good. sume that the added solubilizate does not perturb the micell
Actually, these values are different from the limiting coefi.e., by reducing the CMC or affecting appreciably micelle
ficients of mutual diffusion. In fact, from the Nernst—Hartleyshape and size.
expression, the limiting mutual diffusion coefficient is given by In a first approximation, the simple pseudo-phase-transitic
model can be assumed; in this case the micelles start to form
2RT A*A7 the CMC. This concentration can be considered as the infini
dilution for micelles. Furthermore, the micelle concentration i
proportional to the total surfactant concentration minus th
CMC (see Eq. [2]). For this reason, the concentration depe

Given the rapid exchange among free and micellized sience ofy,, can be expanded as a polynomial 6f ¢ CMC),
factant molecules, in the micellar composition range the ex-

perimental intradiffusion coefficient is a mean value betwe _ on CMC , _
that of the free monomer<j., and that of the micellized ~ Dy (1 + Au(C = CMC)
molecules%,,. Thus, + Bu(C—CMO)2+...), [9]

(D oc)mutual = W m . [7]
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FIG. 1. CsSNa aqueous solutions®] tenside intradiffusion coefficients, FIG. 3. C,SNa aqueous solutiong®] tenside intradiffusion coefficients,
(w) TMS intradiffusion coefficients, @) limiting intradiffusion coefficients (m) TMS intradiffusion coefficients,@) limiting intradiffusion coefficients
computed from conductivity data[}) free monomer intradiffusion coeffi- computed from conductivity data[¥) free monomer intradiffusion coeffi-
cients; the dashed line shows the mutual diffusion coefficient trend. cients; the dashed line shows the mutual diffusion coefficient trend.

although the graphs of Figs. 1-6 show thaj is almost a In the premicellar solutions of alkyl sulfonate the viscosity
linear function of VVC. Since we are going to discuss thdollows the relation (29)
term Ay, later, we collect the fitting parameters of Eq. [8] in
Table 3. n=n%1+ BC), [11]

It is possible to relate the micelle intradiffusion coefficients,
extrapolated at the CMCI(;"°), to the hydrodynamic size of where n° is the water viscosity and is an interpolating
the aggregates using the Stokes—Einstein equation to calcutatefficient. For a low number of carbon atoms in the hydrc
the apparent radius, (28), carbon chainp. = 1-6, the following was found (in mot

dm?®) (29):

0

r= 6771 CMCGy SMC

[10] B =0.132+ 0.084%.. [12]

For nc > 6, we extrapolated® from Eq. [12]. n°° was
CMC ; . . . . : [12
wheren™" is the viscosity of alkyl sulfonate solutions at theobtained from Eq. [11], withC = CMC; 7 Valles are

CMC. reported in Table 3.
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FIG. 2. CsSNa aqueous solutiond®J tenside intradiffusion coefficients, FIG. 4. CgSNa aqueous solutiond®j tenside intradiffusion coefficients,
(m) TMS intradiffusion coefficients,@) limiting intradiffusion coefficients (m) TMS intradiffusion coefficients,@) limiting intradiffusion coefficients
computed from conductivity data[) free monomer intradiffusion coeffi- computed from conductivity data[) free monomer intradiffusion coeffi-
cients; the dashed line shows the mutual diffusion coefficient trend. cients.
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FIG. 5. C,SNa aqueous solutiong®J tenside intradiffusion coefficients, FIG. 6. C,;SNa aqueous solution®j tenside intradiffusion coefficients,
(m) TMS intradiffusion coefficients,@) limiting intradiffusion coefficients (m) TMS intradiffusion coefficients,@) limiting intradiffusion coefficients
computed from conductivity data[)) free monomer intradiffusion coeffi- computed from conductivity data[) free monomer intradiffusion coeffi-
cients; the dashed line shows the mutual diffusion coefficient trend. cients; the dashed line shows the mutual diffusion coefficient trend.

The measured values are shown in Table 3. They can beelle concentrationC,, starts to be significant slightly below
compared with those of the alkyl chain length computed attte CMC and increases linearly with total surfactant concel
cording to the Tanford relation, tration. We can reconsider Eq. [9] according to the chemic

equilibrium model using the true value &f;:
¢=0.15+0.1265¢ [13]
By = DML+ AyCy + ByC3 + ... ). [14]
where( is approximately the hydrophobic core radius (in nm).

As can be seerr, > ¢, with a mean difference of 0.2—0.3 The calculated parameters are reported in Table 4. Clear
nm, due to the sulfonic heads, the bound counterions, and thg ~ nA,, and B,, ~ n’B!,; however, the results obtained
hydration water. from Eqg. [14] must be preferred, considering that the aqueol

%" must coincide with the limiting micelle mutual diffu- solutions of our tensides are better described by the equilibriu
sion coefficient (30, 31). The knowledge @f;"® permits the model.
computation of then, g, andK values for the micellization = The concentration dependencey is generally due to the
equilibrium from the mutual diffusion measurements. Thesmmbination of two effects: intermicellar interactions anc
parameters permit calculation of the concentration of all spehange of micelle size. At moderate ionic strength the fir:
cies present in solution (8). The results indicate that the fre#fect is prevailing (32, 33). In order to interpret our experi:
monomer concentration decreases above the CMC. The miental results, we neglected the second effect.

TABLE 2
Critical Micellar Concentration and Fitting Parameters for the Equations in the Text
CMC CcMC % 10° 9** 10° a

(mol dm™3) (mol dm™3) (m?s™) (m?s™) (mol dm™3) %2 n° a/n® In K®
CsS 1.04 0.99 0.831 0.8132 0.386 9 0.6 —-7.00
CesS 0.540 0.46 0.764 0.7671 0.358 10 0.8 3.40
C;S 0.302 0.733 0.7322 0.344 12 0.8 18.2
CsS 0.130 0.14-0.153 0.697 0.6894 0.295 17 0.8y (50.1Y

0.134

CoS 0.0818 0.06 — 0.6632 0.214 28 0.8 120
CuS 0.02 — 0.6027 — 45 0.8 297

# Data from Ref. (24).
® Data from Ref. (8).
¢ Data from Ref. (44).
¢ Interpolated data.

¢ Data from Ref. (45).
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TABLE 3
Fitting Parameters for the Equations in the Text

gMe 10° noMe Al B}, r ¢

(m*s™) (cp) (mol™* dm?) (mol™* dm®) (nm) (nm)
CsS 0.165 1.40 —-0.79 0.157 0.94 0.78
CeS 0.171 1.20 —-0.94 0.257 1.07 0.91
C.S 0.172 1.08 -1.01 0.320 1.17 1.04
CsS 0.155 0.984 —-1.23 0.436 1.43 1.16
CsS 0.140 0.955 —-1.49 0.707 1.63 1.29
CuS 0.106 0.909 —2.46 0.567 2.27 1.44

Although a large body of literature has been developed abdxogadro number. The computed values are reported in
the problem of interactions among polyelectrolytes in aqueotliable 4. As can be seeéil = r’ — r is always positive (Table
solution in the presence and absence of added salts (34—38),This point will be discussed later.
only incomplete models have been used so far to describaonomer intradiffusion coefficients The free monomer
intermicellar interactions (37, 38). On the other hand, sevejatradiffusion coefficient%;, can be computed from Eq. [8];
models have been developed for describing the interactip trend is shown in Figs. 1-6b; is affected by the ionic
among uncharged spherical particles. Batchelor (39) has shogiength of the aqueous medium and by the obstruction effe
that in a dilute suspension of spherical particles it is appropriajge to the micelles. The former effect can be assumed to be |
to express the intradiffusion coefficieitas a power series of sagme as in the premicellar region:
the particles volume fractionp. Considering two- and three-
body hydrodynamic interactions the following relation holds GBe(l) = D*(1 — al¥?), [17]
(40):

The ionic strength of the aqueous medium was compute
considering the free monomers and counterions concentratic

. . : obtained from the equilibrium parameters:
In the following discussion we assume the shape of the mi- a P

celles to be not very far from the spherical one. Furthermore,
we preserve the same d_ependencd;cm Eq. [15] for.ch:,;lrged | = % (2Cc + (n — q)Cy). [18]
spherical particles. In this case, of course, the particle’s volume
will appear larger than the real one because of the effect of the
electrostatic interactions. Due to the presence of the charged micelle surface, the i
Comparing Eq. [15] and Eg. [14] one can show that distribution is not uniform; consequently, the ionic strengtt
computed through Eg. [18] is an approximate value.
¢ N, Bell (41) proposed a model for taking in account the ob
Avw=—1.735"=-1.7y = —2.31m 75z (r')® [16] struction effect exerted by spherical micelles on a small part
. cle such as the free monomer,

B =%"(1—1.73p + 0.88p2+ . ..). [15]

where V|, is the excluded volume due to the presence of

. . . . . . — 0 -
micelles,r’ is the corresponding radius (in nm), aNg is the De=DYL+ 0.5¢) *, [19]
TABLE 4
Fitting Parameters for the Equations in the Text
Ay B r’ &' A r" Kkt &

(mol™ dm?) (mol™* dm®) (nm) (nm) (mol™ dm?) (nm) (nm) (nm)
CsS —7.03 11.9 1.15 0.21 4.46 1.52 0.274 0.59
CeS -9.10 26.8 1.25 0.18 8.58 1.89 0.428 0.85
C;S —-12.3 46.6 1.39 0.22 12.9 2.16 0.528 1.0
CsS —22.1 142 1.69 0.26 21.2 2.55 0.857 1.1
CsS —40.4 555 2.06 0.43 51.2 3.49 1.064 1.8

CuS —126 148 3.01 0.74 — — 1.221 —
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where% is the monomer intradiffusion coefficient in absence ff ]
of obstructing particles. This relation holds for uncharged;; ]
spheres; however, we can preserve this expression for ouy, 1
systems. ]
As a consequencéjr in the micellar region can be inter-
polated by the following relation: 1-57]
(1) 10 .

F= Ty AC, 0] ] .

1+ ALCy 1

0.5+

A¢ is related to the obstruction effect amplified by the electro-
static interactions. The calculate®l values are reported in 0.0 ==
Table 4. Comparing Eq. [20] with Eq. [19], it can be seen that °¢ 10 20 30p4,3ypiS0 60 70 80

FIG. 7. Gouy-Chapman layer thicknes®)(8"; (m) &'; (¢) k%

Ar= 0.5i= 0.5Vy = 0.67m

Na
Cu 2 (") 3, [21]

10

wherex is the distance from the micellar surfack’ is related

whereV', is the apparent molar volume of the micelle, cont-O the surface charge density, akdiepends on the nature of

sidered as the obstructing objects the corresponding radiusthe intermicellar medium,

(in nm). In Table 4 the” values are reported. Comparif=

r" — r with &, it can be seen that the obstruction exerted by , _ 2000e°N,
the micelles on the monomers is stronger than that exerted on T e ksT !
the other micellesr’ andr”, computed in the composition

region near the CMC where the micelle concentration is 10\nere, is the vacuum dielectric constant agdis the inter-
must be considered as indications of the friction encounterefi-ajiar dielectric constant (which we assume to be that ¢
respectively, by the micelle and the monomer to change thgire ater)« is a linear function of the square root of the ionic
position during the diffusion process; i.e., they are hydrodygengih Because of the potential given by Eq. [22], near tt
namic properties. The hydrodynamic volumes can be muffjce|ie surface there are excess unbound counterions, wt
larger than the partial molar ones because of the interaction§$i@ monomer surfactant anions are rejected. The counteri

solution (42). They cannot be assumed as true volumes o, entration decreases continuously in going from the micel

actual species in solutions. In fact, using these volumes fQi tace to the bulk solution

computing the space occupied by particles in moderately orp simple approximated model is often assumed, in whic

highly concentrated solutions, volumes larger than those of e, excess counterions are confined in a well-defined regi

whole solution would be found. ) surrounding the aggregates, called the Gouy—Chapman la:
In order to understand the meaningdofandd”, the structure (43). Its thickness may be identified witt %, which has the

of a micellar system formed by an anionic surfactant must ension of length. In Table 2 the computed values are

taken in account. An ionic micelle can be represented asré?norted. To estimate , the ionic strength in Eq. [23] was
sperical aggregate whose inner core region consists of metls,med to be equal to’ the CMC.

ylene tails. The negative_ly charged h_eadgroups are located ORp o gifferences” can be seen as the thickness of the laye
the aggregate surface, in contact with water molecules. Tl nding the micelle, where free surfactant anions are hi
micelle behavior can be described in terms of the polyioRgeq from entering because of the electrostatic repulsion d
theory. The electrostatic potential due to the charges on thehe micelle charge. In the same maneis the thickness of

micelle surface causes a gradient of the counterion concentfas layer surrounding the micelle in which another micell

tion in going from the surface to the bulk solution (34);5nnot enter because of the repulsion between the two chare
Oosawa (35) and Manning (36) stated that a fraction of COUgyyacess” ands” must be proportional to the dimension of the
terions will “condense” on the polyion to lower the Charg%ouy—Chapman layer.

density of its surface. The adsorbed counterions, along with th%spection of Fig. 7, where %, &, and&" are reported as a

surfactant headgroups, form the Stern layer. The residyal tion of| 2 for the surfactants under consideration, show
charge density on the micelle surface produces, on the medifl; s’ ands” have the same trend af . They increase as the
surrounding the micelle, the electric potential ionic strength decreases and are good indices of ionic repi
sion. Hence$' andd” permit a realistic view of the interactions

T = POexp(—kX), [22] in the micellar systems formed by ionic surfactants.

(23]
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CONCLUSION 18
This paper has provided intradiffusion coefficients for at®

important class of ionic surfactants. The CMCs were deter-
mined and in the micellar region both the monomer and 8

hanced by the electrostatic interactions in solution.
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