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Selective counterion condensation in ionic micellar solutions
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Small-angle neutron scattering experiments have been carried out on micellar solutions of cationic surfac-
tants of cetyltrimethylammonium bromid€TABr) and chloride(CTACI) in the presence of varying concen-
trations of salts KBr and KCI. In these systems, while the size of micelles strongly increases with the addition
of KBr, the effect of addition of KCI in comparison is much less pronounced. It is found that in equimolar
surfactant to salt micellar solutions of CTABr/KCI and CTACI/KBr, the micellar sizes are larger in CTACI/KBr
than those in CTABIr/KCI. The measurements have been done for different equimolar surfactant to salt con-
centrations and at different temperatures. We explain these results in terms of selective counterion condensation
on the micelles. That is, while the condensation of €bunterions on the CTABr micelles in CTABI/KCI
takes place around the condensed Bounterions of CTABr, the Cl counterions of CTACI in CTACI/KBr are
replaced by Br counterions of the salt. Similar results have also been obtained on micellar solutions of anionic
surfactants of sodium dodecyl sulfate and lithium dodecyl sulfate in the presence of salts LiBr and NaBr,

respectively.
DOI: 10.1103/PhysReVvE.67.051401 PACS nunt®er82.70.Dd, 61.12.Ex, 61.25.Hq
[. INTRODUCTION celles due to charge neutralization at the micellar surface by

these salt§9,10]. The hydration of the counterions is impor-

Surfactant molecules consist of two distinct segments thatiant to decide the effect of salts on the growth of the micelles
are opposite in character. One part is polar in character and ia these systemgl1-13.
known as head group, while the other part is comprised of Since the works of Oosawd4] and Manning[15], the
one or more long hydrophobic tails. These molecules irconcept of counterion condensation is widely accepted in the
agueous solution above a critical micelle concentratiorfield of linear polyelectrolytes. It has been shown that when
(CMC) are known to self-aggregate to form micellds2].  the charge density on an infinitely long cylinder is increased
Polar head groups of these aggregates lie near the bulk aqugeyond a critical value, counterions condense around the cyl-
ous media, whereas the hydrocarbon tails extend inward tider so as to reduce the effective charge density to the criti-
stay away from the unfavorable water contacts. The micellegy| yalue. Similar concepts have also been used in colloidal
are formed by the delicate balance of opposing forces: th%uspensions made of spherical charged collfiés-18. The
_attractive tail-tail hydrophqbic interaction provides the dri\_/- counterions located at short enough distances from the col-
ing force for the aggregation of surfactant molecules, whilg ;5| 5 rface feel a very strong electrostatic attraction com-

the elecirostatic repulsion between the polar head gr(3lm|§ared with the thermal enerdgg T, and these counterions are

limits the size that a micelle can attain. As a result, the char: ) e
L . called as bound to or condensed on the colloid. In ionic

acteristics of these aggregates are easily controlled by thé. : . )
cellar solutions, the counterion condensation plays a very

changes in solution conditions such as temperature, concef” ) . . ;
tration, and ionic strengtf8—7]. The aggregates formed are important role, as it demdes_ the effective charge on th_e mr-
of various types, shapes, and sizes such as spherical or elli elle qnd hence the formation, structure, and interaction of
soidal, cylindrical or threadlike, disklike micelle, membrane, e micelle[19-22, _ _
and vesicle. The study of formation of these different struc- N this paper, we show the selective counterion condensa-
tures is important as the surfactant solutions are widely useton in ionic micellar solutions. It is known that the effect of
in various household, industrial, and research app”cationgdditior'] of salts KBr and KCI to the ionic micellar solutions
[8]. of cationic surfactante.g., CTABr or CTAC] is quite differ-
Surfactant molecules such as cetyltrimethylammoniunent[11,13,23. In terms of counterion condensation, this sug-
bromide (CTABT) ionize in aqueous solution and the corre- gests the differences in the condensation of Bnd CI” ions
sponding micelles are aggregates of CTidns. The micelle that takes place on the charged micelles. We compare the
is charged and is called an ionic micelle. The Bions, structure in the equimolar surfactant to salt micellar solutions
known as counterions, tend to stay near the CThicellar  of CTABI/KCI and CTACI/KBr systems and explain the re-
surface. The shape, size, fractional charge of the micelle, amslilts in terms of selective counterion condensation. In par-
the intermicellar interaction depend on the the nature of thesecular, we show that CTACI/KBr micellar solution behaves
counterions. It is well known that salts such as KBr andlike CTABr/KCI due to selectivity of counterion condensa-
sodium salicylate induce pronounced growth of CTABr mi-tion. Similar results are also derived from the micellar solu-
tions of anionic surfactants of sodium and lithium dodecyl
sulfates. The technique of small-angle neutron scattering
*Permanent address: Solid State Physics Division, Bhabh4SANS) has been used to study the structure and interaction
Atomic Research Center, Mumbai 40085, India. in above micellar solutions.
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FIG. 1. SANS data from a micellar solution of 100MCTABr FIG. 3. SANS data from a micellar solution of 100MTCTACI

in the presence of varying KBr concentrations. The data from botin the presence of varying KBr concentrations. The data from bot-
tom to top correspond to the KBr concentrations of 0, 20, 40, 60tom to top correspond to the KBr concentrations of 0, 20, 40, 60,
80, and 100 rivl, respectively. 80, and 100 rivl, respectively.

Il EXPERIMENT were carried out using SANS diffractometer at the Swiss

All the surfactants and salts were obtained from eithelSpallation Neutron Source SINQ, Paul Scherrer Insf2di.
Aldrich or Fluka and used as supplied. The samples fofhe wavelength of the neutron beam was 4.8 A and the
SANS experiments were prepared by dissolving knowrgxperiments were performed at two different samples to de-
amount of surfactants and salts ”}G)) The use of DO as tector distances of 2 and 8 m to coveQaange of 0.007 to
solvent instead of kD provides better contrast in neutron 0.3 A~%. The scattered neutrons were detected using a two

experiments. Small-angle neutron scattering experimentdimensional 96 crr 96 cm detector. To find the structure
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FIG. 2. SANS data from a micellar solution of 100MCTABr FIG. 4. SANS data from a micellar solution of 100MTCTACI

in the presence of varying KCI concentrations. The data from botin the presence of varying KCI concentrations. The data from bot-
tom to top correspond to the KCI concentrations of 0, 20, 40, 60tom to top correspond to the KCI concentrations of 0, 20, 40, 60,
80, and 100 rivl, respectively. 80, and 100 rivl, respectively.
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FIG. 5. SANS data from a 100 Mh equimolar surfactant to salt FIG. 7. SANS data from 100 M equimolar surfactant to salt
micellar solutions of CTABr/KCI and CTACI/KBr. The data from micellar solutions of CTABr/KCI and CTACI/KBr at different tem-
100 Vi CTABr and CTACI micellar solutions without salt are also peratures. The data pairs from top to bottom correspond to the tem-
shown. peratures of 30, 45, and 60 °C, respectively. The data of 30 and

45 °C are shifted vertically by four and two units, respectively.

dependence of the micelles for different salts, SANS mea- . . . . .
P . 4 P selective counterion condensation were carried out for differ-
surements were carried out on 100/mmicellar solutions of

. : . ent equimolar surfactant to salt concentrations
CTABr and CTACI in the presence of varying concentrations - . o )
(0-100 M) of KBr and KCl. The measurements on (25—100 nM) at fixed temperature (30 °C) and for one con

. : centration (100 rivl) at different temperatures (30—60 °C).
CTABr/KCI and CTACVKBr micellar solutions to show the Similar measurements were carried out on micellar solutions

of anionic surfactants NaDS/LiBr and LiDS/NaBr for fixed
15 equimolar surfactant to salt concentration (20Mjmnand
temperature (30°C). The samples were held in a quartz
sample holder of thickness 1 mm. The measured SANS data
after standard corrections and normalizations are shown in
Figs. 1-8.

Ill. SANS ANALYSIS

In SANS experiments, one measures the coherent differ-
ential scattering cross section per unit volurd& (d(}) as a
function of scattering vecto®. For a system of monodis-
perse interacting micelled3/d() is given by[25]

ds
30~ N(Pm=p) VH(FAQ))+(F(Q)’[S(Q)— 1]} +B,

1)

wheren denotes the number density of the micelleg,and
. ps are, respectively, the scattering length densities of the mi-
Q ('&1) celle and the solvent, and is the volume of the micelle.
F(Q) is the single particle form factor ar®(Q) is the in-
FIG. 6. SANS data from different equimolar surfactant to saltterparticle structure factoB is a constant term that repre-
concentrations of CTABI/KCI and CTACI/KBr micellar solutions. S€Nts the incoherent scattering background, which is mainly

The data pairs from bottom to top correspond to the concentrationdue to hydrogen in the sample.
of 25, 50, and 100 M, respectively. For each concentration in the ~ The micelles formed at the critical micelle concentration

lower Q region the data of CTACI/KBr have higher cross section are spherical. If the solution conditiorte.g., concentration,
than CTABI/KCI. ionic strength, etg¢.of the micellar solutions are changed to
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5 Fourier transform of the radial distribution functigyir) for
the mass centers of the micelle. Unlike the calculation of
F(Q), itis quite complicated to calculat& Q) for any other
44 shape than spherical. This is beca®%€) depends on the
shape and orientation of the particles. To simplify this, pro-
late ellipsoidal micelles are assumed to be equivalent to
< spherical ones. We have calculated) as derived by Hay-
£ 31 ter and Penfold from the Ornstein-Zernike equation and us-
o ing the mean spherical approximatip®7]. The micelle is
6‘ assumed to be a rigid equivalent sphere of diameter
S 2- =2(ab®)® interacting through a screened Coulomb poten-
-S tial, which is given by
© exg—«(r—o
1 un =t TN e )
wherex is the Debye-Hukel inverse screening length and is
0- calculated by
0.01 ., 01 0.3 8mNe?l | .
R K= — "
Q(A’) 10ekgT
FIG. 8. SANS data from 200 M equimolar surfactant to salt defined by the ionic strengthof the solution,
micellar solutions of NaDS/LiBr and LiDS/NaBr. The data from 1
200 mM NaDS and LiDS without salt are also shown. | = CMC+ Ea(C_CMC)+ Cs. (8)

favor the growth of the micelles, they grow along one of, . . . . .
their axial directions. The growth of the micelles along otherI IS determined by CMC, dlssocw_ﬂed counterions from the

ST ) . micelles, and the salt concentration. The fractional charge
two axial directions is restricted by the length of the surfac- (=ZIN, whereZ is the micellar charge anhl is the ag-
tant molecule to avoid any energetically unfavorable emptyare ation, numberis the charge per su?factant molecu?e in
space or water penetration inside the micelle. The prolat 9 ge p

ellipsoidal shaped+ b=c) of the micelles is widely used in € micelle and is a measure of _the dissociation of the coun-
the analysis of SANS data because it also represents ggrions of t_he surfactant in the mlcelleﬁanqcs present.the
other different possible shapes of the micelles such as Sphe@pggﬁcglat'?r?]se c();;:]r:gcfur(f)?grt]?int ?Snd i\S/ZIr: It? the solution, re-
cal (a=b) and rodlike @>b). For such an ellipsoidal mi- P Y P abis g y

celle 722

Up=— C)

' - (2+ka)?
<F2(Q)>=f0[F(Q,M)]2dM, (2) TEEYT KO

wheree is the dielectric constant of the solvent mediusy,
is the permittivity of free space, and is the electronic
charge.
Although micelles may produce polydisperse systems, we
have assumed them as monodisperse for the simplicity of the
3(sinx— calculation and to limit the number of unknown parameters
(sinx—x cosx) ) : X . . i
F(Q,u)= —_— (4) in the analysis. The dlmensmns of the micelle, aggregation
number, and the fractional charge have been determined
from the analysis. The semimajor axig)( semiminor axis
x=Q[a’u?+b%(1— u?]*?, (5  (b=c), and the fractional chargex} are the parameters in
analyzing the SANS data. The aggregation number is calcu-
wherea andb are, respectively, the semimajor and semimi-lated by the relatiolN=4mab?/3v, wherev is the volume
nor axes of the ellipsoidal micelle andis the cosine of the of the surfactant monomer.
angle between the directions afand the wave vector trans- ~ Throughout the data analysis, corrections were made for
fer Q. instrumental smearin®8]. For each instrumental setting the
In general, micellar solutions of ionic surfactants show ascattering profiles as given by E() were smeared by the
correlation peak in the SANS dafa6]. The peak arises be- appropriate resolution function to compare with the mea-
cause of the corresponding peak in the interparticle structursured data. The parameters in the analysis were optimized by
factor S(Q) and indicates the presence of electrostatic intermeans of nonlinear least-square fitting program and the er-
actions between the micelleS(Q) specifies the correlation rors on the parameters were calculated by the standard meth-
between the centers of the different micelles and it is theods used29].

2

1
<F<Q>>2=UO[F<Q,M>]dM , @3
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TABLE |. Micellar parameters of 100 M CTABr in the presence of varying concentrations of KBr and

KCI.
Aggregation Fractional Semiminor Semimajor Axial
number charge axis axis ratio
Micellar system N @ b=c (A) a (A) alb
100 mM CTABr 174+9 0.23+0.01 24.6:0.5 40.2£1.2 1.68-0.04
100 mM CTABr + 20 mM KBr 210+10 0.17+0.01 24605 44.6:1.2 1.810.04
100 mM CTABr + 40 mM KBr 366+ 20 0.05:0.01 24.6:0.5 81.0:3.0 3.29:0.04
100 mM CTABr + 20 mM KCI 189+9 0.19-0.01 24.6:0.5 41.81.2 1.70:0.04
100 mM CTABr + 40 mM KCI 197+10 0.17#0.01 24.6-05 43.6:1.2 1.77#0.04
100 mM CTABr + 60 mM KCI 202+10 0.16:0.01 24.6-05 44712 1.82:0.04
100 mM CTABr + 80 mM KCI 20611 0.14-0.01 24.6-05 45.6-1.2 1.85:0.04

100 mM CTABr + 100 mM KCI 208+11 0.1x-0.01 24.6:0.5 46.0-1.2 1.87£0.04

IV. RESULTS AND DISCUSSION decreases the effective head group area for the surfactant
Figure 1 shows the SANS data from 10QMTCTABr monomer to occupy in the micelle and hence the increase in

micellar solution in the presence of varying concentrations the aggregation number of the micelle. The solid lines in Fig.

KBr. The SANS distribution from a pure 100NhCTABr 1 are the fitted curves to the experimental c_zlata usingEq.
shows a well defined correlation peak at the wave vectolt may be mentioned that the data are not fitted at higher salt

transferQ~0.05 A~L. This correlation peak is an indication Concentrations %40 mM) because of the complications in

of strong repulsive interaction between the positivelythe calculation ofS(Q) for these data. SANS data do not
charged CTABr micellef26,30,3]. The peak usually occurs Show a correlation peak to fit&Q) independent of(Q).

at Q,,~2/d, whered is the average distance between theThe micelles in these systems are expected to carry a small
micelles andQ,, is the value ofQ at the peak position. In charge, highly elongated and polydisper$&].

Fig. 1, the cross section increases and the peak position shifts Figure 2 shows the SANS data from 10QVIMCTABr

to lower Q values with the increase in the salt concentrationmicellar solution in the presence of varying concentrations of
This indicates the increase in the size of the micelles in th&Cl. The peak position and the cross section in these data do
presence of salt. The broadening of the correlation peak isot change as much as for CTABI/KBr when the salt is
due to screening of charge by the salt between the micellesdded. For the same concentration of the salts KBr and KClI,
The micellar parameters in these systems are given in Tablle charge neutralization on the ionic CTABr micelles is dif-

I. It is seen that fractional charge on the micelle decreaseferent for these salts, and this leads to the formation of dif-
and the aggregation number increases when the salt conceierent micellar structures when KCI and KBr are added. For
tration in the micellar solution is increased. This suggestexample, the aggregation number of CTABr micellar solu-
that the counterion condensation on the micelles increases &en increases from 174 to 208 upon addition of 100 m
the salt is added. The charge neutralization at the surface ®fCl; similar aggregation number upon addition of KBr is
the micelle by the increase in the counterion condensationbtained only by the addition of 20 vhKBr (Table ).

TABLE II. Micellar parameters of 100 M CTACI in the presence of varying concentrations of KBr and

KCI.
Aggregation Fractional Semiminor Semimajor Axial
number charge axis axis ratio
Micellar system N a b=c (A) a (A) alb
100 mM CTACI 115+6 0.28:0.01  23.6:0.5 29.*1.0 1.270.04
100 mM CTACI + 20 mM KBr 140+5 0.24-0.01 23.4:0.5 34.2:1.0 1.46:0.04
100 mM CTACI + 40 mM KBr 165+6 0.21+0.01 24.6:0.5 38.31.0 1.60:0.03
100 mM CTACI + 60 mM KBr 187+9 0.19-0.01 24.6:05 41.3-12 1.68-0.03
100 mM CTACI + 80 mM KBr 208+ 11 0.17+0.01 24.6-05 46.0-1.4 1.870.04
100 mM CTACI + 100 nM KBr 228+12 0.06:0.02 24.6-0.5 50.4-1.6  2.05:0.04
100 mM CTACI + 20 mM KCI 127+7 0.26£0.01 23.2:0.5 31.661.0 1.36:0.04
100 mM CTACI + 40 mM KCI 135+7 0.26£0.01 23.2:0.5 33.5:1.0 1.44t0.04
100 mM CTACI + 60 mM KCI 140+7 0.26£0.01 23.2:0.5 34.8:1.0 1.50:0.04
100 mM CTACI + 80 mM KCI 144x7 0.25-0.01 23.4:0.5 35.2:1.0 1.510.04
100 mM CTACI + 100 nM KCI 147+8 0.25-0.01 23.4:0.5 35.9-1.0 1.53:0.04
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TABLE lll. Micellar parameters of CTABr, CTACI, and equimolar surfactant to salt solutions of CTABr/
KCl and CTACI/KBr for different surfactant and salt concentrations.

Aggregation Fractional Semiminor Semimajor Axial

number charge axis axis ratio
Micellar system N @ b=c (A) a (A) alb
100 mMV CTABr 174+9 0.23£0.01 24.:0.5 40.2-1.2 1.68:0.04
100 nM CTACI 115+ 6 0.28:£0.01 23.:0.5 29.x+1.0 1.270.04
100 mM CTABr + 100 niv KCI 208+11 0.11+0.01 24.6:0.5 46.001.2 1.870.04
100 mM CTACI + 100 mM KBr 228+12 0.06£0.02 24.6:0.5 50.4-1.6 2.05-0.04
50 mM CTABr 1508 0.26-0.01 24.0:0.5 34.8:1.0 1.45-0.04
50 mM CTACI 1106 0.28-0.01 23.0:0.5 27.8:1.0 1.210.04
50 mM CTABr + 50 mM KClI 177+9 0.20-0.01 24.6-0.5 39.1-1.2 1.59-0.04
50 mM CTACI + 50 mM KBr 198+10 0.18:0.01 24.605 43.8:1.2 1.78:0.04
25 mM CTABr 1377 0.26:0.01 24.0:0.5 31.8:1.0 1.33:0.04
25 mM CTACI 105+ 6 0.29+0.01 23.:0.5 26.5:1.0 1.15-0.04
25 mM CTABr + 25 mM KCI 160x9 0.20£0.02 24.6:0.5 35.4-1.2 1.44-0.04
25 mM CTACI + 25 mM KBr 180+9 0.18+0.02 24.6:0.5 39.8:1.2 1.62-0.04

Figures 3 and 4 show the SANS data from a 10M m The SANS data from equimolar surfactant to salt CTABr/
CTACI micellar solution in the presence of varying concen-KCl and CTACI/KBr micellar solutions as selected from
trations of KBr and KCI, respectively. The SANS distribu- Figs. 2 and 3 are shown in Fig. 5. These systems have com-
tion from a pure 100 mM CTACI shows a well defined cor- mon in them the same number of surfactant CTians and
relation peak similar to that in CTABr, but at the higher valueas well as Br and CI" counterions. The comparison of mi-
of Q (~0.06 A1). This suggests that in CTACI smaller cellar parameters on equimolar surfactant to salt solutions of
micelles are formed as compared to those in CTABr. TheCTABI/KCI (Table ) and CTACI/KBr (Table Il) shows that
differences in the micellar structure of the CTABr and the counterion condensation is more effective in CTACI/KBr
CTACI are expected to be due to the differences in the counthan CTABI/KCI. We believe that this is due to selective
terion condensation of Brand CI” ions that takes place on condensation of the counterions around the micelles. In
the charged CTA micelles. This is supported by the fact that CTABI/KCI, Br™ counterions from the dissociated CTABr
fractional charge on micelles of CTABr is less than those ormolecules are condensed on the CTéharged micelles. The
CTACI micelles. The effect of addition of salts KBr and KCI| condensation of Cl ions of the salt KCI takes place around
on CTACI micellar solution(Table Il) shows similar trends the condensed Brions. However, in CTACI/KBr, CI coun-
to that on CTABr micellar solutioriTable ). That is, while  terions of the CTACI molecules are replaced by Bons of
sizes of both CTABr and CTACI micelles increase stronglyKBr in the micelle. This is expected since Clons are less
with the addition of KBr, the effect of KCI is much less effective than Br in neutralizing the charge on the micelles
pronounced. [7,14]. The condensation of Brions around the condensed

TABLE IV. Micellar parameters of 100 mM CTABr, 100 kh CTACI, and corresponding equimolar
surfactant to salt solutions of CTABr/KCI and CTACI/KBr at different temperatures.

Aggregation  Fractional ~Semiminor ~ Semimajor Axial

Temperature Micellar number charge axis axis ratio

T (°C) system N a b=c (R) a(A) alb
30 CTABr 174:9 0.23+0.01 24.6:0.5 40.2£1.2 1.68-0.04
30 CTACI 115+6 0.28+0.01 23.0:0.5 29.1+1.0 1.270.04
30 CTABI/KCI 208+ 11 0.11-0.01 24.6-0.5 46.0:1.2 1.870.04
30 CTACI/KBr 228+12 0.06+0.02 24.6-0.5 50.4-1.6 2.05-0.04
45 CTABr 143+7 0.26:0.01 23.:0.5 36.2£1.0 1.570.04
45 CTACI 1076 0.31+0.01 22.0:0.5 29.6:1.0 1.35:0.04
45 CTABI/KCI 1679 0.20t0.01 23.6:0.5 40.1-1.0 1.70:0.04
45 CTACI/KBr 189+10 0.16+0.01 23.6:0.5 45.4:1.0 1.92-0.04
60 CTABr 122+7 0.28+0.01 22.6:0.5 33.7+1.0 1.53:0.04
60 CTACI 97+5 0.32:0.02 21.6:0.5 29.4:1.0 1.4G-0.04
60 CTABI/KCI 141+8 0.23+0.01 22.6-0.5 36.9-1.2 1.63:0.04
60 CTACI/KBr 157+8 0.20+0.01 22.6-0.5 41.21.2 1.82+0.04
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TABLE V. Micellar parameters of 200 M NaDS, 200 nM LiDS, and corresponding equimolar surfac-
tant to salt solutions of NaDS/LiBr and LiDS/NaBr.

Aggregation Fractional Semiminor Semimajor Axial

number charge axis axis ratio
Micellar system N a b=c (A) a (A) alb
200 mMV NaDS 836 0.36:0.02 16.70.5 24.9-1.0 1.49-0.05
200 mM LIiDS 72+4 0.42+0.02 16.7#0.5 21.6:0.8 1.26+0.05
200 mM NaDS + 200 niM LiBr 1006 0.26+0.02 16.720.5 30.0:1.2 1.80-0.05
200 mM LIDS + 200 mM NaBr 101+6 0.26+0.02 16.720.5 30.3:1.2 1.81£0.05

Cl~ counterions does not seem possible in CTACI/KBr assimilar counterion condensation to that of NaDS/LiBr. The
this, contrary to the experimental results, would make théNa" ions are preferred on the micellar surface due to their
counterion condensation less effective in CTACI/KBr thanless hydrophilicity as compared to Lions [7,14].

CTABI/KCI to neutralize the charge on the micelles. Similar The hydrated size of the counterion plays an important
results have also been obtained on the different equimolable in deciding the effect of salt on the structure and inter-
surfactant to salt concentrations and at different temperaaction in the micellar solutions. From a theoretical point of
tures. Figure 6 shows the SANS data on the differentiew, the most commonly used model to understand the
equimolar surfactant to salt concentrations of 25, 50, and 108ounterion condensation around the charged particles is the
mM of CTABr/KCl and CTACI/KBr at a constant tempera- Poisson-Boltzmann(PB) model [16—18. However, this

ture of 30°C. The temperature dependence for 10@ m model does not take into account the finite size of the con-
equimolar surfactant to salt concentration of CTABr/KCl anddensed counterions. As a result, this model does not distin-
CTACI/KBr at different temperatures 30, 45, and 60 °C isguish the effect of counterions with different sizes when they
shown in Fig. 7. The calculated micellar parameters in thes@ave the same valency. Several attempts have been proposed
systems for different concentrations and temperatures at@ include the steric repulsion in order to improve the PB
given in Tables Il and IV, respectively. The higher values of model[32]. One of the most recent woffld3], which takes

the charge neutralization on the micelles and the micellaaccount of the finite size of the ions, suggests that the con-
sizes in CTACI/KBr than those in CTABI/KCI can be ex- centration of condensed counterions tends to saturate to the
plained in terms of a small fraction of condensed €bun-  value 12 and the layer thickness of the condensed counte-
terions that are not replaced by Brin the micelles of rions is proportional ta?, wherer is the hydrated size of

CTACI/KBr solutions [14]. This provides less fractional the counterion. This means that the counterion condensation
charge on the micelles of CTACI/KBr than CTABI/KCI, oth- || increase when the hydrated size is small and vice versa.

erwise these two systems have similar counterion condensgounterions Bf and N& ions are less hydrated than Cl
tion of Br™ and CI' ions around them. and Li", respectively, and hence they are more effective and

Figure 8 shows the SANS data on equimolar surfactant treferred on the selective counterion condensation.
salt micellar solutions of anionic surfactants NaDS and LiDS

(DS, dodecyl sulfatein the presence of LiBr and NaBtr, re-
spectively. For comparison, the micellar solutions from pure
NaDS and LiDS are also shown in Fig. 8. It is found that
while the SANS data on pure NaDS and LiDS are signifi- SANS studies have been carried out on ionic micellar
cantly different, the equimolar surfactant to salt solutions ofsolutions of CTABr, CTACI, NaDS, and LiDS in the pres-
NaDS/LiBr and LIiDS/NaBr are similar. The micellar param- ence of different salts. The comparison of micelle structures
eters in these systems are given in Table V. These results aire equimolar surfactant to salt micellar solutions of CTACI/
similar to those on cationic surfactants and support the seled&Br and CTABr/KCI or NaDS/LiBr and LiDS/NaDS sug-
tive counterion condensation in ionic micellar solutions. Wegests the selective counterion condensation in these systems.
believe that in LiDS/NaBr micellar solution, Licounterions  The counterions with large hydrated size are replaced by the
are replaced by Nacounterions, so that this systems has theones with less hydrated size.

V. CONCLUSIONS
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