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Abstract

The formation of a coacervate in mixtures of dodecyltrimethylammonium bromide (DTAB)—sodium 10-undecenoate (SUD) aqueous mixtur
was studied by light scattering,potential measurements, and electronic microscopy. The coacervate appears wheotémtial goes to zero,
and the energy barrier against agglomeration disappears, promoting the agglomeration of micelles. Rod-like micelles agglomerate in bundles ir
DTAB-rich side of the phase diagram, while spherical or globular micelles agglomerate in clusters in the SUD-rich side. This difference explai
the differences in the transition micelles—coacervate in the opposite sides of the two-phase region.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction factant mixtures, it is important to understand the interplay of
forces that govern the phase behavior.

Research on surfactant mixtures is of considerable interest Aqueous mixtures of anionic and cationic surfactants exhibit
for numerous technical applications because surfactant mixnany unique properties that arise from the strongly electrostatic
tures enhance performance when compared to single surfactanitsteractions between the oppositely charged head groups. These
When mixing surfactants, specially oppositely charged ones, n@ystems have attracted the attention of numerous investigators
only the properties of components are combined, but in manj1—6].
cases, new properties are found. These properties are of both There are theories that consider the influence of the structure
fundamental and commercial interest, since surfactants used af the micelle polar layer and electrostatic effects on micelliza-
industrial applications (e.g. detergents, tertiary oil recovery, drugion [7—10] and mixed micellizatio}8—10]. To improve these
carrier systems, flotation) are often mixtures. In spite of theitheories, it is necessary to have a good knowledge of the factors
widespread use, surfactant mixtures are not well understood atdfecting the formation of micelles and their structure.
fundamental level. It is important to have a general understand- In general, the studied cationic—anionic surfactant mixtures
ing of the mechanism of interactions between the surfactants iare composed of strong electrolytes such as alkyltrimethylam-
mixed systems and of the factors influencing various features afionium halides and alkaline salts of alkylsulfonic acids. It is
the phase equilibrium. Surfactant mixtures for specific applicainteresting to explore the effect of the mixed micellization on
tions are often chosen based on experience, empirical evidenc@mme properties such as hydrolysis when one of the components
or trial and error research. To optimize the applications of suris a salt of a weak acid or a weak base. In a study on the effect

of the presence of double bonds on the properties of a catan-

ionic system, the agueous dodecyltrimethylammonium bromide
* Corresponding author. Tel.: +54 291 4548305; fax: +54 291 4595160. (DTAB)_SOdI_um undecen_oate (SUD) mixtures, we found that
E-mail address: pschulz@criba.edu.ar (P.C. Schulz). the system did not precipitate, even at 1:1 SUD:DTAB propor-
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tion, but showed the formation of a coacervate in a range ofable 1
surfactant mixture composition. When SUD is added to DTARC itical micelle concentration of DTAB-SUD mixtures obtained from reference
micelles, the coacervate suddenly appeared at the mole fraf!

tion of SUD (without considering wategsyp=0.44. When  asup CMC (mmol dnT3)
asyp=0.63, the coacervate starts a gradual disappearing, ad 15.2

becomes a one-phase solutionwat;p=0.675. Micelles have 0.1 1.67

a preferential composition of 0.37 mol fraction of SUD. This 0.2 1.84

behavior is attributed to the presence of the double bound at tHe? 2.06

distal extreme of the SUD molecule, which can form hydrogeng:;1 g:gé

bonds with water. In consequence, the =HH, groups are sit- g 5.66

uated at the interface between the hydrocarbon micelle core anch 5.45

water, reducing the interfacial free energy. Structural computal 120

tions demonstrate that the mentioned SUD proportion produces
complete coverage of the micelle surface by the double bonds

[11]. This system also shows an unusual hydration behavior, an%r'd 10CMC) was mixed with 1 mL of 2% agueous uranyl
the partial molar volume of the mixtures is not idgs2]. acetate and sonicated for ca. 20 s in an ultrasonic bath. The final

Coacervate formation was also detected in the sysgoncentration of samples was the CMC, 2CMC, and 5CMC,

tem sodium decanoate (SD)—dodecyltrimethylammonium ChIO[espectively. Then, the mixture was incubated in an ice-water
ride (DoTAC) by Spblom and Edlund[13] in the range bath for 30 min and applied to a carbon-coated Cu grid and then
asp=0.44-0.58. In this case, the formation of a coacervate wag”?l_(:] under vfacgurlr;. d t determined b
attributed to geometrical constraints caused by the difference in €size ofmicelies and aggregates were determined by mea-
chain length. The systems DoTAC—sodium hexadecarjbaie surement on amphflcatlons .Of the TEM photographs using a
DoTAC—sodium octanoafd 3] and DoTAC—sodium nonanoate me:sJUé%rEelrl(t) (;ng:;(oTlc:)pe W't.h 1./50 n?m tresolut_lon.

(SN) [14] did not show formation of coacervate, whereas the d for th rantsmlssmtp N etc 1“())8 I:n\;crtl)ticope wa.?
system DoTAC—sodium dodecanoate (SDo) givesrise to precipHS? orf 1§ong)?ésuremen » operating & with & magniti-
tation[14]. The system didodecyltdimethylammonium bromide “atoN © ! '

(DDAB)-sodium taurodeoxycholate (STDC) also shows coac- To determine the composition of the two phases of the_ coac-
ervate formatiof15]. ervate, samples of the upper and lower phases were studied. The

In this work, we studied the evolution of the surfactant aggre-denSity of the phases was obtained by weighing a known volume

gates in the aqueous DTAB—SUD mixtures when approachingf the sample, and then it was dried to determine the water con-
ent. Another sample of the same phase was conductimetrically

to the two-phase region from both sides of the composition dia= . :
gram P g P titrated with HCI to determine the SUD content, and the DTAB
' content was determined by subtraction of the quantity of SUD

2. Experimental in the dry residue of the phase.

Sodium undecenoate (SUD, 99% Aldrich) and dode->: Theory

cyltrimethylammonium bromide (DTAB, 98% Aldrich) were o

employed as received. 3.1. The Derjaguin—Landau—Verwey—Overbeek (DLVO)
To prepare the different samples, the appropriate amount §f¢°”>

both surfactants was weighed and dissolved in double-distilled

water to produce two concentrated solutions. Then the appropri- Tf|1eot|heo|ry ofdtge sDtat')iIity.of IyngObcijc coIIoi(és\jndepen-
ate volume of each solution was poured into a volumetric flaslgienty eveloped by Derjaguin and Landdif] and Verwey

to prepare mixtures with mole fraction of SUD (without consid- _and Overbeekl7] is_k_n_own as the DL\./O theory. Thi_s theory

ering waterrsup =0 (pure DTAB solution), 0.1, 0.2, 0.3, 0.4 is based on the additivity of the attractive energy of interaction

0.5,0.6,0.7,0.8,0.9, and 1 (pure SUD soiuti.o;l) 7T between two colloidal particles whose surface is separated by
Using the critical micelle concentrations (CMC) from litera- the distance), caused by van der Waals forcég,qw(D), and

ture[11] that are shown iffable 1, all solutions were prepared the repulsive electrostatic energfe(D):
at concentrations above this concentration. _ WpLvo (D) = We(D) + Wyaw(D) 1)
Light scattering measurements were made in Zetasizer 2700
Malvern 90 and 18C, 1 =488.0 nm, intensity 3.96, dispersant The electrostatic interaction energy between two spherical
RI=1.331. micelles was taken g48]:
Zeta potentials were obtained with a Zetamaster Model 500 ~ 2,—kD
(Malverr? Instruments, England) by taking the average of (at%VE(D) ~ 2nrmecoye @
least) five measurements at stationary level. The cell used wasshere D is the closest distance between the surfaces of both
5mmx 2 mm rectangular quartz capillary. micelles,ry is the micelle radiussg is the vacuum permittiv-
To produce the uranyl staining of the different samples, 1 mlity, ¢ the dielectric constant of the medium (water)js the
of each solution (with differentsyp and C=2CMC, 4CMC, inverse of the Debye distance, apid is the electric potential at
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