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Abstract Mixtures of sodium dioctylsulfosuccinate
(AOT) and sodium dodecylsulfate (SDS) that were studied
in water at 25 °C by using surface tension, conductance,
emf and fluorescence emission methods exhibit synergism
in the region where the mole fraction of AOT in the bulk
solution (o) is less than 0.7 and ideality in the region
where «; > 0.7. The molal conductance versus the con-
centration behavior of an aqueous solution of AOT is found
to be different from that of other ionic surfactants with the
exception of bile salts. Composition of the mixed micelle
was evaluated and discussed using the Rubingh’s and the
Rodenas—Valiente—Villafruela (RVV) treatments. The
values of the counter ion binding constant determined from
the emf data show that the counter ion binding behavior of
the mixed micelle is controlled entirely by AOT. The free
energy for mixed micelle formation was calculated using a
modified equation. The aggregation number determined by
the fluorescence quenching method indicated that in the
mixed micelle, as «; increases, the number of molecules of
AOT remains constant and that of SDS decreases. Char-
acteristics of the adsorption layer of the mixed surfactant
system were also examined using the theoretical treatment
of Rosen and Hua.
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Introduction

Compared to single surfactants, mixtures of surfactants
perform better and hence formulations developed for dif-
ferent applications in various fields consist of mixed
surfactants. Investigation of the micellization properties of
mixed surfactants has therefore become fundamental as
well as of industrial importance. For forming mixtures of
surfactants different combinations of single surfactants are
possible. Mixtures of dissimilar types of surfactant ordi-
narily exhibit considerable synergism. Mixtures of similar
type of surfactants are also known to exhibit synergism and
among them combinations of same type of ionic surfactants
have been studied relatively less frequently than the mix-
tures of nonionic—nonionic surfactants [1-9]. In particular,
mixed systems containing double-chained and single-
chained ionic surfactants have not been explored much
[3,7-9]. Sodium dioctylsulfosuccinate (AOT) is a widely
used double-chained anionic surfactant, because it forms
microemulsions without any cosurfactant. To the best of
our knowledge, no report is available on the behavior of
mixtures of AOT with other anionic surfactants, although
one report was found on mixtures of AOT with a cationic
surfactant, cetyltrimethylammonium bromide [10]. There-
fore, in the present article the micellization properties of
mixtures of AOT and sodium dodecylsulfate (SDS) in
water have been studied at 25 °C by using surface tension,
emf, conductance and fluorescence emission methods.

Experimental Procedures
AOT (Sigma, 99% assay), SDS (Aldrich, 99% assay),

pyrene (Fluka, 99% assay) and cetylpyridinium chloride
(CPC; Fluka, 98% assay) were used as received. All
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solutions were prepared in Millipore water and measure-
ments were made under thermostated condition at 25 °C.
An aqueous solution containing a mixture of AOT (sur-
factant 1) and SDS (surfactant 2) of a particular
composition was prepared by mixing required amounts of
the solutions of pure surfactants.

Surface tension measurements were made by the Wil-
helmy plate method using a Kriiss K11 tensiometer.
Conductance measurements were made using a Wayne Kerr
B905 Automatic Precision Bridge. EMF measurements were
made using a Jenway 3345 model lonmeter and a Jenway
924-329 combined ion-selective electrode reversible to
sodium ion concentration in the solution. The fluorescence
emission measurements of the pyrene probe were made
using a Hitachi F4500 model Fluorescence Spectropho-
tometer. The excitation of pyrene was done at 335 nm and
the fluorescence emission was recorded in the range of 360—
420 nm. CPC was used for fluorescence quenching.

Results and Discussion

Representative plots of measured surface tension (y) versus
surfactant concentration are shown in Fig. 1. The SDS
sample used in this study exhibited a surface tension
minimum and the depth of the minimum decreased with the
addition of AOT. Occurrence of such a surface tension
minimum for SDS and its disappearance on adding more
sodium ions have been discussed in a recent paper [11].
Representative plots of measured emf as a function of
surfactant concentration are presented in Fig. 2. A few
representative plots of I3/[; ratio versus surfactant con-
centration are shown in Fig. 3. I; and I3 denote the
intensities of fluorescence emission of pyrene correspond-
ing to 373 and 384 nm, respectively.
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Fig. 1 Representative plots of surface tension of AOT + SDS system
against the logarithm of the total surfactant concentration
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Fig. 2 Representative plots of emf of AOT + SDS system against the
logarithm of the total surfactant concentration
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Fig. 3 Representative plots of I3/; values of pyrene in AOT + SDS
system against the total surfactant concentration

It has generally been considered that the cmc of AOT
cannot be determined correctly from the plot of specific
conductance versus concentration [12] unlike the case with
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other ionic surfactants. The molal conductance (A) of the
surfactant solutions was therefore calculated and a few
representative plots of A versus the square root of the
concentration are shown in Fig. 4. Surprisingly, such a plot
for AOT exhibits a minimum followed by a maximum and
the concentration at the minimum is found to correspond to
the cmc of AOT. Thus, it is possible to determine accu-
rately the cmc of AOT from the molal conductance data
rather than from specific conductance data. By the addition
of SDS to AOT, the A minimum gradually disappears and
no minimum occurs in the region where the mole fraction
of AOT < 0.8 (Fig. 4). This type of variation of A with
concentration is generally not observed for ionic surfac-
tants. Bile salts are the only other example where a similar
trend has been reported [13—15]. Although in bile salts
occurrence of conductance minimum and maximum is
ascribed to the presence of a dynamical equilibrium
between transient structures like dimers and trimers [13—
15], the species responsible for the type of molal conduc-
tance behavior shown by AOT are not known at the
moment.

The Cmc of Mixed Surfactants

The values of the cmc of the mixed surfactants (cqp,)
determined by the various methods are shown in Fig. 5 as a
plot of con, versus mole fraction of AOT in the bulk solu-
tion (;). Relationship between ¢y, and the cmc’s of AOT
(co1) and SDS (cq) is of the form [16, 17]
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Fig. 5 Values of cmc of AOT + SDS system obtained from surface
tension, conductance, emf and fluorescence methods as a function of
the mole fraction of AOT in the bulk solution. The ideal value of cmc
is calculated from Clint’s equation

eom =3 [/ (ficor) (1)
fi = dicom/ (xico:) (2)

In Egs. (1) and (2) x; and f; refer to the mole fraction and
activity coefficient of AOT (i = 1) or SDS (i = 2) in the
mixed micelle, respectively. When the mixed micelle is
assumed to behave ideally (f; = 1), Eq. (1) reduces to the
Clint’s equation [18]. From Fig. 5, it is apparent that the
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experimental values of cq,, are less than the ideal values
thereby indicating synergism for compositions less than the
0.7 mole fraction of AOT. In the region of 0.7 < oy < 1,
Com takes up ideal values.

The Mixed Micelle Composition by Rubingh’s Method

In this method [16, 17], the regular solution approximation
is employed to describe the non-ideality of the mixed
micelle. According to this approximation, the relation
between the interaction parameter (f5,,) responsible for
non-ideality and the activity coefficient is given by

Bn=Infi/(1 —x1)* = Infr/x} (3)

At com, after substituting for the activity coefficients in Eq.
(3), we get the expression

2 Infogcom/ (x1co1)] = (1 = x1)* In[(1 — o)) com/

{(1 = x1)co2}] (4)

Values of x; as a function of «; were computed from Eq.
(4) by using an iterative method and are shown in Fig. 6 as
xR, 1t is evident from Eq. (2) that the value of x; is
controlled by the ratio cgy/co; and therefore x; > o; and
X, < 0. An expression for x; was also derived from Eq. (2)
under the condition of ideality and it is of the form

x1 = aycor/ (o1cor + oicor) (5)

The values of x; calculated from Eq. (5) are also shown in
Fig. 6 as x\". From Fig. 6, it may be observed that (1)
KR > 4 in the region where o < 0.25, (2) P < X in
the region where 0.38 < oy < 0.73 and (3) xR = x4 in the
region where o; > 0.73. To explain this type of trend in the
values of xlfb and xild, the values of f; were first calculated
from Eq. (2) after substituting the values of xlfb for x;. The
values of f; calculated in this way are presented in Fig. 6.
Equation (2) can now be written as xR = i /f1, which
reveals that xX° > x\® since Jf1 < 1. This condition must be
applicable in the region where «; < 0.25. On the other
hand, Eq. (2) can also be written as x]fb = 1—ocom/(f>c02)
and x\% = 1—ocom/cos, Which reveals that xR° < xi¢ since
f> < 1. This condition must be applicable in the region
where 0.38 < oy < 0.73. In the region where «; > 0.73,
fi =/>=1 and hence xlfb = xild. Thus, the value of xlfb is
controlled by f; in the region where «; < 0.25 and by f> in
the region where 0.38 < «; < 0.73.

The values of the interaction parameter f3,, were deter-
mined using Eq. (3) and are presented in Fig. 7. Negative
values of f3,, are indicative of the attractive interaction
between the two anionic surfactants. The magnitude of f3,
becomes less negative with increasing mole fraction of AOT
and finally reaches zero above the 0.7 mole fraction of AOT
(Fig. 7). An initial addition of a small amount of AOT to
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Fig. 6 Plots of a the mole fraction of AOT (xpoT) and b activity
coefficients of AOT (faor) and SDS (fsps) in the mixed micelle
against the mole fraction of AOT in the bulk solution. Values of xsot
were calculated from (1) Rubingh’s method [Eq. (4), xﬁ%T (open
squares)], (2) RVV method [Eq. (6), xxor (+)] and (3) by considering
ideal condition [Eq. (5), xi/SOT ]

SDS causes a sharp change in the interaction parameter and
further addition of AOT weakens the interaction (Fig. 7).

It is worthwhile comparing the micellization behavior of
the AOT + SDS mixed system with that of other anionic—
anionic mixed surfactant systems having SDS as one of the
components and sodium as the only counterion. In the case
of STSa (sodium tetradecylsarcosinate) + SDS system [19]
the mixing was reported to be ideal. On the other hand,
SDBS (sodium dodecyl benzene sulfonate) + SDS system
was reported [19] to show marginal antagonistic behavior
with the cmc of the mixture having values slightly higher
(maximum deviation = 3.5%) than the ideal values (aver-
age B = 0.66). In the sodium tetradecylsulfate (STS) +
SDS system [2], synergism was found with the cmc of the
mixture having a maximum deviation of 8.5% from the
ideal value (average f,, = —0.40). In the AOT + SDS
system, as mentioned above, synergism is shown only in
the region where o; < 0.7 with maximum deviation of
22.2% from the ideal value.
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Fig. 7 Values of the interaction parameter in the mixed micelle (f,,),
the interaction parameter in the adsorbed layer (f8,) and the counter
ion binding constant (f.) as a function of the mole fraction of AOT in
the bulk solution

The Mixed Micelle Composition by the RVV Method

Rodenas et al. [20] proposed an alternative approach to
determine x; by using the Gibbs-Duhem relation and
without resorting to the regular solution approximation.
According to this method, the equation for x; is of the form

X1 =0 —061(1 —ocl)dlnc()m/docl (6)

For computing the values of x; from Eq. (6), the value of
the slope, d In con/do,, was determined first by least-
squares fitting the co, versus «; data to an empirical
relation of the form

Incom=» @, j=0t05 (7)
J

The least-squares fitted values of the empirical coefficients
of Eq. (7) are ag = —4.820, a; = —5.732, a, = 18.859,
a; = —33.805, ay = 29.782 and a5 = —10.231. The values
of x; calculated from Eq. (6) are presented in Fig. 6 as x3°.
The deviation of xX¢ from x\ is found to be more than that
of x}° (Fig. 6).

The Dependence of the Mixed Micelle Composition
on the Concentration of the Mixed Surfactants

It may be noted that the values of x; evaluated by
Rubingh’s and RVV methods are valid only at con,. The
composition of the mixed micelle may be expected to vary

with the total surfactant concentration (c¢). To obtain
information about the dependence of x; on ¢, x; is written
on the basis of its definition as [20]

x1 = (a1c —c1)/(c—c1 —¢2) (8)

In the region where ¢ > ¢, if we presume that the
concentrations of the surfactants 1 (c;) and 2 (c¢;) in the
bulk solution remain constant and are given by ¢; = o; com,
then Eq. (8) reduces to the form x; = a;. However, since x;
is found to be greater than o, (Fig. 6), it is implied that ¢,
and ¢, do not remain constant above the cmc and vary with
c. Since above the cmc, equilibrium also exists between a
surfactant in the free and mixed micellar forms, we get
from the expressions for the chemical potential terms that
c1=x1 fi cor and ¢ = x; f> coo. By substituting these
values for c¢; and ¢, in Eq. (8), we obtain a quadratic
equation [20] of the form

K (coifi — coafa) — x1(c + coifi — coafs) + e =0 9)

Equation (9) was solved for different values of ¢ after
substituting the values of f; and f,. While solving Eq. (9)
for a chosen value of o, f; and f, were presumed to be
independent of c. The values of x; so obtained from Eq. (9)
are shown as a function of ¢ in Fig. 8. From Fig. 8 it is
apparent that x; approaches the value of o at ¢ > 0.1 mol
kg~ '. This can be explained on the basis of Eq. (9) itself
because on rearrangement it takes the form

)Cl)CQ(Cszg — Co]fl) + o1 — X1 = 0 (10)

At high values of ¢, in the present case above 0.1 mol kg ™!,

the first term of Eq. (10) becomes negligible making
X1 = 0.

(a) < (o)
0.7 — el 00
£ o
2 =364 o
N St
o 9
0‘6 n -38- T T T T T T
. 0.0 02 04 06 08 1.0
S a
I o AOT
o
0.5 —
04 -1 0 (m] [m] m| [m]
T ' T ' T T T '
0.00 0.07 0.14 0.21
¢/ mol kg™

Fig. 8 Plots of a the mole fraction of AOT in the mixed micelle against
the total surfactant concentration above the cmc and corresponding to
aaor = 0.389 and b standard free energy for mixed micelle formation
against the mole fraction of AOT in the bulk solution
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Counter Ion Binding to the Mixed Micelle

From the emf (E) data, the counter ion binding constant f
was determined as described elsewhere [21] and the cal-
culated values of f. are presented in Fig. 7. In the mixed
micelle, it is interesting to note that 5. has a value that is
characteristic of AOT [21] even if the proportion of SDS is
more in the mixed micelle (Fig. 7). This envisages that
counter ion binding of the mixed micelle is controlled
entirely by the AOT thereby indicating that, in the Stern
layer of the mixed micelle, heads of AOT are probably
more exposed than those of SDS.

Free Energy of Mixed Micelle Formation

For calculating the free energy of the mixed micelle for-
mation the same expression as that applicable in the case of
the single surfactant solution is commonly used [5,22,23].
The expressions for the free energy of micelle formation in
the cases of mixed and pure surfactants can be different. To
show this, the following equilibrium is considered for a
mixture of two anionic surfactants containing the same
counter ion (R *):

mSy +nySy 4+ mRT = Mmtrm- (11)

In this equilibrium, M refers to the mixed ionic micelle and
m is the number of counter ions that binds to a mixed
micelle. n; and n, indicate the number of molecules of
surfactants RS; and RS,, respectively that aggregate to
form the mixed micelle. In the present system, the charges
of Sy, S; and R are equal to one. Based on thermodynamics,
an expression for the standard free energy change (AG®)
for the above equilibrium process can be written and
rearranged to the form

x1 In[S7] + x2In[S;] =~ [AG" /(N,RT)] — B.In[R"] (12)

where N, = n; + n, is the aggregation number of the mixed
surfactant system and x; = n,/(n; + ny). In writing Eq.
(12), the value of In[M] has been neglected in comparison
to AG®°/(RT), which is an approximation made in the case
of single surfactant solutions as well. At the cmc of the
mixed surfactant solution of a particular composition (o)
and in the absence of added electrolyte, Eq. (12) can be
written as

AG:" = RT[(l + ﬂc) Incop + x1Inay + x50 1n 062] (13)

where AG®,, is the standard free energy of micellization of
the mixed surfactants per monomer and is defined as
AG°®,, = AG°/N,. Values of AG®,, calculated by using Eq.
(13) are presented in Fig. 8. In the composition region
where 0.1 < o = 0.7 AG®,, is found to be almost constant,
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which implies that, in this region, f3. controls the value of
AG°,, since f. is constant in this region.

Adsorption Parameters

Using the Gibbs adsorption isotherm [24], it can be shown
for a mixture of 1:1 ionic surfactants having same the
counter ion that

dy = =2RTT(dInc + x1,d Inay + xp,d Inoy) (14)

where " is the surface excess of the mixed surfactant sys-
tem. x;,, = ['/I' is the mole fraction of the surfactant 1
(i=1)or 2 (i =2) in the adsorbed layer. In the case of a
mixed ionic surfactant system having a particular compo-
sition (constant o), Eq. (14) becomes dy = —2RTI dInc,
which is the same equation used for calculating the surface
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Fig. 9 Plots of a surface excess (1076 mol mfz) at the cmc, ['¢pme, b
area (nm?) per molecule in the adsorbed layer, A i, (open circles) and
Aidmin (x), ¢ mole fraction of AOT in the adsorbed layer (x;,), and d
activity coefficients of AOT [fi,, A] and SDS [f5,, +] versus mole
fraction of AOT in the bulk solution
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excess of a single surfactant [24]. Accordingly, surface
excess at the cmc (I'¢c) and the minimum surface area per
mole of the surfactant mixture (A,,;,) were calculated [24]
and are shown in Fig. 9. By applying Rubingh’s approach to
adsorption at a reference point of constant surface tension,
Rosen and Hua [25] reported expressions for activity
coefficient (f;,), interaction parameter (f3,) and mole frac-
tion (x;,) of a surfactant in the adsorbed layer of mixed
surfactants. Using those reported [25] expression values of
fia> foa and x;, were calculated and are shown in Fig. 9,
while the calculated values of f, are shown in Fig. 7.
The ideal values of A, calculated from the expression
Aidmin = X14 Al min +X24 A2 min are also presented in Fig. 9.
Aimin and A in represent the A, values for surfactants 1
and 2, respectively. The values of A, are found to be
almost equal to those of Aidmin . The values of f, are
negative (Fig. 7), which indicate an attractive interaction
between the surfactant molecules adsorbed at the interface.
The mole fraction of AOT at the adsorbed layer (x;,) is
more than the bulk mole fraction (o) indicating that the
mixed adsorption layer is enriched with AOT and it is due to
higher surface activity of AOT.

Aggregation Number

The aggregation number (N,) of the mixed surfactant
system was determined by measuring the fluorescence

0.0 0.2 0.4 0.6 0.8 1.0
2401

Fig. 10 Plots of a the aggregation number (N, open circles) of the
AOT + SDS mixed system, b the number of molecules of AOT in the
mixed micelle (naor, X), and ¢ the number of molecules of SDS in
the mixed micelle (nsps, open squares) against the mole fraction of
AOT in the bulk solution

emission of pyrene in the absence and presence of the
quencher CPC and using the reported [26] expressions.
The measured values of N, are presented in Fig. 10. The
number of molecules of AOT (naot) and SDS (ngpg) in the
mixed micelle were estimated from the values of N, by
using the mole fraction values of the individual surfactants
in the mixed micelle. N, increases by the initial addition of
AOT to SDS and has a maximum at o; =~ 0.12 (Fig. 10),
while naor is found to be almost constant (25 & 5).
Therefore, in the mixed micelle, the presence of SDS does
not affect npor, while ngpg decreases by adding AOT
(Fig. 10). Since we measured N, of the mixed micelle by
keeping the value of ¢ — ¢, constant at 0.005 + 0.001 mol
kg_l, the observed trends in the variation of nor and ngpg
with «; seem to indicate that naor is influenced only by the
amount of the counter ion, whereas ngpg is dependent on
the concentrations of both the counter ion and the dioc-
tylsulfosuccinate ion. It may, however, be commented that
constancy of naor in the present mixed micelle may be a
coincidence and to explain such a behavior further inves-
tigation of similar types of mixed micelles is required.

Acknowledgments Grants received by the Department from the
DST, New Delhi under the FIST program and the UGC, New Delhi
under SAP are acknowledged. O. G. Singh acknowledges the receipt
of JRF from the CSIR, New Delhi.

References

1. Moroi Y, Motomura K, Matuura R (1974) The critical micelle
concentration of sodium dodecyl sulfate—bivalent metal dodecyl
sulfate mixtures in aqueous solutions. J Colloid Interface Sci
46:111-117

2. Moroi Y, Nishikido N, Matuura R (1975) The critical micelle
concentration of multicomponent mixtures of metal alkyl sulfates
in aqueous solutions II. J Colloid Interface Sci 50:344-351

3. Treiner C, Makayssi A (1992) Structural micellar transition for
dilute solutions of long chain binary cationic surfactant systems:
a conductance investigation. Langmuir 8:794-800

4. Haque ME, Das AR, Rakshit AK, Moulik SP (1996) Properties of
mixed micelles of binary surfactant combinations. Langmuir
12:4084-4089

5. Moulik SP, Haque ME, Jana RK, Das AR (1996) Micellar
properties of cationic surfactants in pure and mixed states. J Phys
Chem 100:701-708

6. Messina P, Morini MA, Schulz PC (2003) Aqueous sodium
oleate—sodium dehydrocholate mixtures at low concentration.
Colloid Polym Sci 281:1082-1091

7. Bakshi MS, Kaur I (2003) Head-group-induced structural
micellar transitions in mixed cationic surfactants with identical
hydrophobic tails. Colloid Polym Sci 281:10-18

8. Bakshi MS, Kaur I, Sood R, Singh J, Singh K, Sachar S, Singh
KJ, Kaur G (2004) Mixed micelles of benzyldimethyltetradecy-
lammonium chloride with tetradecyltrimethylammonium and
tetradecyltriphenylphosphonium bromides: a head group contri-
bution. J Colloid Interface Sci 271:227-231

9. Aratono M, Onimaru N, Yoshikai Y, Shigehisa M, Koga I,
Wongwailikhit K, Ohta A, Takiue T, Lhoussaine B, Strey R,
Takata Y, Villeneuve M, Matsubara H (2007) Spontaneous

&) Springer ANOCS &



96

J Surfact Deterg (2008) 11:89-96

10.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

vesicle formation of single chain and double chain cationic sur-
factant mixtures. J Phys Chem B 111:107-115

Luan Y, Xu G, Yuan S, Xiao L, Zhang Z (2002) Investigations on
NaDEHP and AOT: computer simulation and surface tension
measurements. Colloid Surf A 210:61-68

. Umlong IM, Ismail K (2007) Micellization behavior of sodium

dodecyl sulfate in different electrolyte media. Colloid Surf A
299:8-14

Mukherjee K, Mukherjee DC, Moulik SP (1994) Thermody-
namics of micellization of aerosol OT in binary mixtures of
water, formamide, ethylene glycol, and dioxane. J Phys Chem
98:4713-4718

Norman A (1960) The conductance of conjugated and unconju-
gated bile acid salts in aqueous solutions. Acta Chem Scand
14:1300-1309

Oakenfull DG, Fisher LR (1977) The role of hydrogen bonding in
the formation of bile salt micelles. J Phys Chem 81:1838-1841
Sesta B, D’Aprano A, Princi A, Filippi C, lammarino M (1992)
Interactions between cryptate 222 and sodium glycodeoxycholate
micelles. J Phys Chem 96:9545-9550

Rubingh DN (1979) Mixed Micelle Solutions. In: Mittal KL (ed)
Solution chemistry of surfactants, vol 1. Plenum Press, New
York, pp 337-354

Holland PM, Rubingh DN (1983) Nonideal multicomponent
mixed micelle model. J Phys Chem 87:1984-1990

Clint JH (1975) Micellization of mixed nonionic surface active
agents. J Chem Soc 71:1327-1334

Vora S, George A, Desai H, Bahadur P (1999) Mixed micelles of
some anionic—anionic, cationic—cationic, and ionic—nonionic
surfactants in aqueous media. J Surf Deterg 2:213-221

Rodenas E, Valiente M, Villafruela MS (1999) Different theo-
retical approaches for the study of the mixed tetraethylene glycol
mono-n-dodecyl ether/hexadecyltrimethylammonium bromide
micelles. J] Phys Chem B 103:4549-4554

Umlong IM, Ismail K (2005) Micellization of AOT in aqueous
sodium chloride, sodium acetate, sodium propionate, and sodium
butyrate media: a case of two different concentration regions of
counterion binding. J Colloid Interface Sci 291:529-536

&\ Springer ANOCS &

22. Burman AD, Dey T, Mukherjee B, Das AR (2000) Solution
properties of the binary and ternary combination of sodium
dodecyl benzene sulfonate, polyoxyethylene sorbitan monolau-
rate, and polyoxyethylene lauryl ether. Langmuir 16:10020-
10027

23. Dar AA, Chatterjee B, Rather GM, Das AR (2006) Mixed micel-
lization and interfacial properties of dodecyltrimethylammonium
bromide and tetraethyleneglycol mono-n-dodecyl ether in absence
and presence of sodium propionate. J Colloid Interface Sci
298:395-405

24. Prosser A, Franses EI (2001) Adsorption and surface tension of
ionic surfactants at the air-water interface: review and evaluation
of equilibrium models. Colloids Surf A 178:1-40

25. Rosen MJ, Hua XY (1982) Surface concentrations and molecular
interactions in binary mixtures of surfactants. J Colloid Interface
Sci 86:164-172

26. Alargova RG, Kochijashky II, Sierra ML, Zana R (1998) Micelle
aggregation numbers of surfactants in aqueous solutions: a
comparison between the results from steady-state and time-
resolved fluorescence quenching. Langmuir 14:5412-5418

Author Biographies

Oinam Gobin Singh did his M.Sc. in Chemistry at Delhi University,
Delhi and in the year 2004 joined the Ph.D. programme in the
Department of Chemistry, North-Eastern Hill University, Shillong,
India as a CSIR-NET qualified Junior Research Fellow. Presently he
is working as a lecturer in St. Anthony’s College, Shillong, India.

Kochi Ismail is Professor of Chemistry at the North-Eastern Hill
University, Shillong, India. He received his Ph.D. (1976) degree from
Aligarh Muslim University, Aligarh, India. He was Alexander von
Humboldt research fellow (1985 and 1993) at the Institut fiir Physi-
kalishe Chemie und Elektrochemie, Universitit Karlsruhe, Germany.
His research interests include molten salt systems, supercooling sys-
tems and surfactant systems.



	Micellization Behavior of Mixtures of Sodium Dioctylsulfosuccinate with Sodium Dodecylsulfate in Water
	Abstract
	Introduction
	Experimental Procedures
	Results and Discussion
	The Cmc of Mixed Surfactants
	The Mixed Micelle Composition by Rubingh&rsquo;s Method
	The Mixed Micelle Composition by the RVV Method
	The Dependence of the Mixed Micelle Composition �on the Concentration of the Mixed Surfactants
	Counter Ion Binding to the Mixed Micelle
	Free Energy of Mixed Micelle Formation
	Adsorption Parameters
	Aggregation Number

	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


