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ABSTRACT: Turbidity, dynamic light scattering, and electrophoretic mobility were used to study the
effects of added salt on coacervation in the system composed of the strong cationic polymer poly-
(diallyldimethylammonium chloride) (PDADMAC) and oppositely charged mixed micelles of Triton X-100
(TX100) and sodium dodecyl sulfate (SDS). The phase behavior in the range of ionic strengths from 0.05
to 0.60 M includes regimes of soluble complex formation, coacervation, and precipitation. The corresponding
phase boundaries are determined from differential turbidity curves. The shift of the phase boundaries to
higher ratios of SDS:TX100 with increase in salt concentration is explained on the basis of electrostatic
screening. The width of the coacervation region is found to increase with ionic strength. These observations
are consistent with previous reports of the “salt suppression” and “salt enhancement” of coacervation. In
the coacervation region, the electrophoretic mobility is found to be close to zero. At higher and lower
ionic strengths, soluble complexes are positively or negatively charged, respectively. It is suggested that
the principal factor governing coacervation in this system is electroneutrality of the polyion-micelle
complex which in turn depends on the charge and number of bound micelles.

Introduction

Coacervation is a phenomenon in which a macromo-
lecular aqueous solution separates into two immiscible
liquid phases. The more dense phase, which is relatively
concentrated in macromolecules, is called the coacervate
and is in equilibrium with the relatively dilute macro-
molecular liquid phase.1 This liquid-liquid phase sepa-
ration has been widely used in cosmetic formulations2

and pharmaceutical microencapsulations.3,4 Owing to
these widespread technical applications and to some
fascinating biological implications,5 coacervation is an
intriguing but underexamined topic of investigation.6,7

The phenomenon can be divided into “simple” and
“complex” coacervation. The former involves only one
macromolecule and may result from the addition of a
dehydrating agent that promotes polymer-polymer
interactions over polymer-solvent interactions. In the
latter, two or more oppositely charged macromolecules
or colloidal species are present. For this case, Piculell
and Lindman8 have recommended the term “associative
phase separation” to replace “complex coacervation”.

Complex coacervation may be exhibited by polyelec-
trolytes and colloids. One example is polyelectrolytes
interacting strongly with oppositely charged micelles,
normally leading to phase separation.8-13 Such mixtures
may form a single phase either without complex forma-
tion or with soluble complex, liquid-liquid-phase sepa-
ration (coacervation), or liquid-solid phase separation
(precipitation). In particular, we have studied the
system composed of the strong polycation poly(diallyl-
dimethylammonium chloride) (PDADMAC) and op-
positely charged mixed micelles of Triton X-100 (TX100)
and sodium dodecyl sulfate (SDS) by many experimental
methods, including turbidimetry,14,15 dynamic and static
light scattering,16-18 viscometry,18 electrophoretic light
scattering,18 microcalorimetry,19 dye solubilization,20

and equilibrium dialysis.18 These studies revealed the
existence of several phase states, including coacervate

and soluble complexes, depending inter alia on the
mixing ratio of PDADMAC and TX100-SDS.

In polyelectrolyte-micelle systems, or in binary poly-
electrolyte mixtures, coacervation is primarily controlled
by electrostatic forces. The complex factors influencing
coacervation may include polymer molecular weight,
concentration, and molecular geometry; micelle size and
concentration; and polymer:micelle stoichiometry.8,9

However, electrostatic factors, such as macromolecular
charge densities and ionic strength, are most significant.
Whether or not complex coacervation takes place ap-
pears to depend mainly on the micelle surface charge
density, the polymer linear charge density, and the
Debye-Hückel ion-atmosphere thickness.15,21,22 At very
low charge densities, coacervation is suppressed,23 and
at very high charge densities, precipitation may occur.24

In the case of polyelectrolytes and micelles of opposite
charge, the charge densities of the latter are controlled
by the mixing ratio of nonionic and ionic sur-
factants.14-18,25-32

The addition of salt has a significant effect on coac-
ervation of polyelectrolytes and oppositely charged
micelles8 due to screening of the interaction between
these two components. Some investigators33-37 have
reported that the interaction between polyelectrolytes
and oppositely charged micelles is reduced by addition
of salt, which is indicated by an increase in the critical
aggregation concentration (cac) with increased salt
concentration. Since the phase behavior of such systems
is a reflection of these interactions, it must be influenced
by added salt. The salt effect on the phase behavior of
a system containing a micellar cationic surfactant,
tetradecyltrimethylammonium bromide, and an anionic
polyelectrolyte, polysaccharide sodium hyaluronate, was
investigated by Thalberg et al.38 They observed a strong
diminution of the two-phase region, i.e., a decrease in
the coacervation region in the presence of salt relative
to the salt-free system. Guillemet and Piculell11 inves-
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tigated aqueous mixtures of micellar SDS with a cel-
lulose derivative substituted with hydrophobic side
chains in the absence and in the presence of salt. In
apparent contrast to the results obtained by Thalberg
et al., Guillemet and Piculell indicated that coacervation
occurs earlier in the presence of salt; i.e., coacervation
is shifted to lower surfactant concentration. These
findings suggest that coacervation can be both sup-
pressed and enhanced by added salt, an effect not well
understood. This illustrates the point that much work
remains to be done to further understand the coacer-
vation of polyelectrolyte/surfactant systems and conse-
quently to exploit them.

The PDADMAC/TX100-SDS system mentioned above
may provide a model system by means of which the
effect of salt on coacervation can be addressed. Our
previous studies14-18,25-32 have indicated that the strong
electrostatic interaction between polyion and micelle
could be attenuated by using mixed micelles of nonionic
and ionic surfactants, with the charge density of the
mixed TX100-SDS micelles adjusted via the molar ratio
of ionic to nonionic surfactant. This suggested to us that
coacervates of PDADMAC/TX100-SDS should be formed
over a wide range of conditions, facilitating a systematic
study of the effect of salt on coacervation. Therefore, in
the present paper, the effect of salt on coacervation in
the PDADMAC/TX100-SDS system is investigated by
turbidimetric titration, dynamic light scattering, and
mobility measurement. The purpose of these studies is
to understand the reported salt suppression and salt
enhancement of coacervation and to gain further insight
into the mechanism of coacervation.

Experimental Section
Materials. Poly(diallydimethylammonium chloride) (PDAD-

MAC) was prepared by free radical aqueous polymerization
of diallydimethylammonium chloride.39 The average molecular
weight (Mn) of the purified lyophilized polymer was determined
by membrane osmometry as 2.7 × 105. Triton X-100 (TX100)
was purchased from Aldrich, sodium dodecyl sulfate (SDS,
purity>99%) from Fluka, and NaCl from Fisher. All were used
without further purification. Distilled water was used in all
experiments.

Turbidimetric Titrations. Turbidity measurements, re-
ported as 100 - %T, were performed at 420 nm using a
Brinkman PC800 probe colorimeter equipped with a 2 cm path
length fiber optics probe. Turbidimetric “type 1” titrations were
carried out at 26 ( 1 °C by adding 60 mM SDS in 0.05, 0.10,
0.20, 0.40, and 0.60 M NaCl to solutions of TX100 and
PDADMAC with initial concentration of 20 mM and 1 g/L also
at the same NaCl concentrations, to bring the solutions to
different Y values. Y is defined as

which is proportional to the average mixed micelle surface
charge density. To fix the concentrations of TX100 and
PDADMAC to be 20 mM and 1 g/L, turbidimetric titration was
carried out by adding equal volumes of 60 mM SDS and a
solution of 40 mM TX100 and 2 g/L PDADMAC in 0.1 M NaCl
to a solution of 20 mM TX100 and 1 g/L PDADMAC also in
0.1 M NaCl. All measured values were corrected by subtracting
the turbidity of a polymer-free blank.

Dynamic Light Scattering. All measurements were car-
ried out at a scattering angle of 90° and at 26.0 ( 0.5 °C with
a DynaPro-801 (Protein Solutions Inc., Charlottesville, VA),
which employs a 30 mW solid-state 780 nm laser and an
avalanche photodiode detector. Samples with 1 g/L PDADMAC
and 20 mM TX100 in 0.10 M NaCl at desired Y values were
prepared and were stirred for at least 2 h before measure-

ments. The samples were introduced into the 7 µL cell through
a 0.20 µm filter prior to measurement. The correlation function
of the scattering data was analyzed via the method of
regularization40 and then used to determine the diffusion
coefficient D of the solutes. The diffusion coefficient D can be
converted into the hydrodynamic radius Rh using the Stokes-
Einstein equation

where k is the Boltzmann constant, T is the absolute temper-
ature, and η is the solvent viscosity.

Mobility Measurement. Electrophoretic mobility was
measured using a ZetaPALS (Brookhaven Instruments), the
operation of which is based on the principles of phase analysis
light scattering.41 The 1 cm square sample cell, thermostated
by a Peltier device, contains electrodes which provide a field
that can be reversed automatically and is remote from any
cell wall. The cell can be driven by fields of up to 60 kV m-1 at
either square or sine wave frequencies from dc to >1 MHz. A
laser beam is split to produce a scattering beam and a
reference beam, which can be modulated by a piezoelectric
phase modulator at frequencies from 62.5 to 2000 Hz. The ratio
of scattered to reference signal is optimized by automatic
adjustment of a continuous attenuator in the incident beam
path. Further details about the technique can be found in ref
42. The samples with 1 g/L PDADMAC and 20 mM TX100 in
0.10 M NaCl at desired Y values were stirred for at least 2 h
before measurements and measured at 26.0 ( 0.2 °C.

Results and Discussion
“Type 1” turbidimetric titration curves of PDAD-

MAC+TX100 with SDS at 0.05, 0.10, 0.20, 0.40, and
0.60 M NaCl are shown in Figure 1. The initial
concentrations of PDADMAC and TX100 are 1 g/L and
20 mM, respectively. The turbidity is constant and very
small at low Y values. The well-defined point of initial
turbidity increase is designated as Yc, beyond which the
turbidity increases gradually with increase of Y. For I
> 0.05 M, Yc is followed by an abrupt increase in
turbidity and extremely large turbidities at Yφ1, follow-
ing which coacervation is demonstrated by centrifuga-
tion (30 min at 25 °C and 3000 rpm) yielding two liquid
phases. Maxima with respect to Y are subsequently
observed which shift from left to right (to larger Y) with
increase of salt concentration. Further addition of SDS
causes the coacervate to redissolve at Yφ2 accompanied
by a decrease in turbidity. Beyond Yφ2, coacervate does

Y )
[SDS]

[SDS] + [TX100]
(1)

Figure 1. Turbidity of PDADMAC/TX100-SDS as a function
of Y in 0.05, 0.10, 0.20, 0.40, and 0.60 M NaCl.

Rh ) kT
6πηD

(2)
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not exist. Thus, the interval between Yφ1 and Yφ2 is the
coacervation region. At Y > Yφ2, the turbidity continues
to decrease and then becomes constant. Finally, a sharp
increase in turbidity at Yp signals precipitation. For the
conditions of Figure 1, i.e., polymer residue concentra-
tion of 6.2 mM, an equivalent concentration of anionic
surfactant would obtain at Y ) 0.24. It does not appear
that such simple bulk stoichiometry has any particular
significance for the phase behavior.

These phase boundaries can be operationally identi-
fied more precisely by differentiating the above turbidity
curves as demonstrated for I ) 0.10 M in Figure 2. The
sharp changes in d(100% - T)/dY shown in Figure 2b
correspond to phase changes. The results at various
ionic strengths are summarized in the two-dimensional
“phase diagram” of Figure 3, expressing the depend-
ences of Yc, Yφ1, Yφ2, and Yp on salt concentration. Since
Figure 3 only tells us at what condition coacervation
takes place, but not the composition of the two phases
at coacervation, they are strictly speaking phase bound-
aries, not phase diagrams. Ternary phase diagrams
have been mainly employed by Piculell and Lindman8,13

to describe phase behavior of polymer-surfactant sys-
tems with reference to binary phase equilibrium. How-
ever, in our case, the components, including polyelec-
trolyte, nonionic surfactant, ionic surfactant, salt, and
water, are all variable during phase separation, which
greatly complicates the determination of compositions
in such multidimensional phase diagrams. Neverthe-
less, the present simplified phase boundaries are still
quite informative. In domain I, a single phase exists in
the absence of interaction between polymer and mi-

celles. In region II, the binding of TX100-SDS micelles
with PDADMAC leads to soluble complexes without
phase separation. Liquid-liquid phase separation, i.e.
coacervation, takes place in region III. In region IV, the
addition of excess anionic surfactant leads to coacervate
redissolution and re-formation of a single soluble com-
plex phase. Region V corresponds to liquid-solid phase
separation, i.e. precipitation. All of phase boundaries
(Yc, Yφ1, Yφ2, and Yp) are shifted to larger Y values with
added salt. The coacervation region widens with the
increase of salt concentration. The proximity of the II/
III and III/IV boundaries at low I suggests the presence
of a critical point in the vicinity of 0.05 < I < 0.10.

The phase diagram in Figure 3 suggests that the
phase behavior could be changed by either increase or
decrease in salt concentrations. For examples, when
0.16 < Y < 0.42 and the system is located in coacerva-
tion region III, decrease or increase of salt concentration
could move the system into region IV or region II,
respectively; when 0.16 < Y < 0.36 and the system is
located in region I or II, decrease of salt concentration
could move the system into coacervation region III;
when 0.16 < Y < 0.42 and the system is located in
region IV, increase of salt concentration could also move
the system into the coacervation region III. In other
words, coacervation could be enhanced and suppressed
by changing salt concentration. To provide direct evi-
dence for this behavior, “titration” with concentrated
NaCl solution was carried out for the system of 1 g/L
PDADMAC and 20 mM TX100-SDS at Y ) 0.3. The
initial point at salt concentration 0.2 M is located in
region IV, indicated in Figure 3 by “*”. As shown in
Figure 4, the turbidity increases with the addition of
salt, and a sharp increase is observed when the system
goes into coacervation region III at I ) 0.34 M. When
the salt concentration reaches 0.42 M, the turbidity
decreases abruptly as coacervates are redissolved, and
the system goes into region II. This result indicates that
coacervation can indeed be both enhanced and sup-
pressed by changing salt concentration.

Insight into the structure of the complexes and
coacervates may be obtained from the results of dynamic
light scattering and mobility measurements. Figure
5a-c shows complex size, mobility, and turbidity as a
function of Y in 0.10 M NaCl, at 1 g/L polymer and 20
mM total surfactant. At Y < Yc (region I), the size is

Figure 2. (a) Turbidity and (b) differential turbidity of
PDADMAC/TX100-SDS as a function of Y in 0.10 M NaCl.

Figure 3. Phase boundaries of the PDADMAC/TX100-SDS
system at 0.05, 0.10, 0.20, 0.40, and 0.60 M NaCl.
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almost constant and the mobility only decreases with
Y slightly, indicating that no interaction take place
between polymer and micelles. Because the polymer
concentration is very low relative to TX100, the small

value of Rh arises mainly from the scattering of mixed
micelles. Since micelles are nearly uncharged at low Y,
the large positive mobility is mainly due to PDADMAC.
The slight decrease in mobility is from the contribution
of mixed TX100-SDS micelles which contain a very
small fraction of SDS in this region. With further
addition of SDS, an increase in size and a decrease in
absolute mobility in region II (Yc < Y < Yφ1) provide
strong evidence of complex formation. QELS yields a
bimodal size distribution: in Figure 5a, the lower curve
is the contribution from uncomplexed micelles, which
remains essentially unchanged, while the upper curve
shows that Rh of the complex changes with Y. During
the coacervation range III (Yφ1 < Y < Yφ2), the size of
the complex becomes very large, and the mobility
approaches zero. At Yφ2 < Y < Yp (region IV), we observe
a significant decrease in size while the mobility becomes
negative. When Y g Yp (region V), neither size or
mobility can be measured because of limitations of the
techniques in systems of large particles.

To explain this complex phase behavior and the
accompanying effects of salt on coacervation, we first
consider that the binding of anionic micelles to cationic
polymers is a consequence of electrostatic attractive
interactions. This binding leads to complex formation
and reduction of the initially positive charge of the
polyion. For different polyelectrolyte:micelle mixing
ratios, the resulting complex can be intramolecular or
intermolecular. For example, viscometric studies on
SDS-cationic polymer systems by Goddard et al.43,44

indicated that intermolecular association was promoted
in solutions of high polymer concentration and intramo-
lecular association was favored at low polymer concen-
tration. Previous work of our group17 on PDADMAC/
TX100-SDS system suggested that intrapolymer com-
plexes transform to interpolymer complexes with in-
creasing polyelectrolyte concentration and that such
high-order complex formation is the precursor of com-
plex coacervation.

Although the above results and discussion provide
some understanding of complex coacervation in poly-
electrolyte/micelle systems, there has been no theoreti-
cal model developed specifically for this type of complex
coacervation. However, several theoretical models have
been presented for complex coacervation of polyelectro-
lyte mixtures. These models which may help us to obtain
a plausible explanation for polyelectrolyte/micelle coac-
ervation have been discussed and compared by Bur-
gess.23 The Voorn-Overbeek theory,45-47 developed on
the basis of the experimental data by of Bungenberg de
Jong,48 assumed a random chain distribution of mac-
romoleculer in both phases, negligible solvent-solute
interactions, and electrostatic interactive forces of a
distributive nature. Here, “distributive” means that no
site-specific interaction takes place in coacervation.
According to this theory, the primary factors that affect
coacervation are polyelectrolyte charge density and
molecular weight. The formation of a concentrated
coacervate phase is a spontaneous process and is driven
by a gain in electrostatic free energy at the expense of
a decrease in total entropy. The dilute phase aggregate
model, developed by Veis and Aranyi,49 proposed that
complex coacervation occurred in two steps. First,
oppositely charged polyelectrolytes aggregate by elec-
trostatic interaction to form neutral aggregates of low
configurational entropy, and then these aggregates
rearrange to form coacervate. The ion-paired aggregates

Figure 4. Turbidity of PDADMAC/TX100-SDS as a function
of salt concentration at Y ) 0.30.

Figure 5. (a) Radius, (b) mobility, and (c) turbidity of
PDADMAC/TX100-SDS in 0.10 M NaCl as a function of Y.
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formed in the first step are present in both coacervate
phase and equilibrium dilute phase. Coacervation is
thought to be driven by the gain in configurational
entropy when aggregates (corresponding to soluble
complex in the present work) rearrange into a randomly
distributed coacervation phase. The formation of soluble
PDADMAC/TX100-SDS complexes under a wide range
of conditions supports this model. A third model devel-
oped by Tainaka50 also considered that aggregates,
possibly neutral, are present in both phases, but without
specific ion pairing. According to this model, coacerva-
tion is driven by attractive forces among aggregates.
Both the charge density and the chain length of poly-
electrolytes must fall within a certain range for coac-
ervation to occur. If the charge density is too high or
the chain length is too long, coprecipitation of the two
polyelectrolytes will take place because of strong long-
range attractive forces among aggregates. On the other
hand, if the charge density is too low and the chain
length is too short, the dilute solution is stabilized by
short-range repulsive forces, and coacervation will not
take place. These three models differ to some extent
concerning the roles of electrostatic interaction, entropy,
and the significance of solvent-solute interaction. None
of these theories can describe all cases of complex
coacervation. The Voorn-Overbeek theory and Veis and
Aranyi theory are restricted to low charge density
systems; the Tainaka theory, while applicable to both
high and low charge density systems, does not provide
a full explanation of coacervation process, such as
suppression of coacervation at low ionic strength. How-
ever, these theories do provide a reasonable explanation
for a large number of systems.

We now propose a simple mechanism consistent with
the present phase behavior results for the PDADMAC/
TX100-SDS system. Although the current system dif-
fers from those described by the previous theories, we
also believe along with Veis and Aranyi that this
coacervation involves attractive forces between neutral
aggregates which in turn were formed by electrostatic
interaction. The “cartoons” shown in Figure 6 cor-
respond to the five phases in Figure 3, with circles
representing mixed micelles and shading intensity
corresponding to charge density. In region I, a single
phase without complexes, the surface charge density of
the TX100-SDS mixed micelles is not sufficient to lead
to complex formation. Thus, turbidity, radius, and
mobility all remain unchanged. With the addition of
SDS, the charge density of the mixed micelles increases,
which leads to soluble complex formation, as indicated
by an increase in size and turbidity and a decrease in
absolute mobility in region II. In this region, complexes
carry positive charges. With further addition of SDS,
more mixed micelles of progressively higher charge
density bind, accompanied by a prominent increase in
size and turbidity and a decrease in absolute mobility.
Here, complex charges are electrically neutralized,
which enables intrapolymer complexes to aggregate into

interpolymer complexes, which in turn form coacervate.
This is why the coacervation region III is centered at
the charge neutralization point. With the addition of
SDS beyond charge neutralization, the higher charge
density of mixed micelles increases the intrinsic binding
of micelles to polyelectrolytes. However, the higher
charge density of mixed micelles also eventually pro-
duces electrostatic intermicellar repulsion and concomi-
tant intercomplex repulsion. These two effects eventu-
ally lead in region IV to a redissolution of the inter-
polymer complexes into intrapolymer complexes with
net negative charges. The electrostatic intermicellar
repulsion could cause the number of mixed micelles
bound per polymer chain nj to decrease. The fact that
the mobility in region IV is almost unchanged with
addition of SDS might arise from the compensating
effects of a decrease in nj simultaneous with an increase
in Y. Mixed micelles with very high charge density
display a strong interaction with the polyelectrolytes in
region V, leading to tight binding of micelles with
polyelectrolytes. With the consequent loss of counterions
and hydration, precipitation occurs. In summary, the
charge density of mixed micelles may be the paramount
controlling factor for coacervation in systems such as
PDADMAC/TX100-SDS.

We now turn to the effect of salt on coacervation. As
shown in Figures 3 and 4, the increase of salt concen-
tration can move the system either from coacervate
(region III) to either positively charged soluble complex
(region II) or noninteracting phase (region I) or from
negatively charged soluble complex (region IV) to coac-
ervate. These “salt enhancement” and “salt suppression”
effects can be plausibly explained by the model in Figure
7. The result from mobility measurements (Figure 5b)
indicates that coacervation takes place at the charge
neutralization point, which means that electrical neu-
trality is the most important requirement for coacer-
vation. Thus, it is clear that coacervation requires the
binding of some particular number of micelles to poly-
electrolytes. Screening of electrostatic interactions be-
tween polyelectrolytes and micelles by salt means that
the binding affinity of micelles to polyelectrolytes in-
creases with a decrease in salt concentration. As the
binding affinity increases, the system can change from
one in which no micelles are bound (region I), to a
positively charged complex with few bound micelles
(region II), then to coacervate with the “right” number
of micelles for net electroneutrality (region III), and
finally to a negatively charged complex with excess
bound micelles (region IV). Similarly, the addition of salt
can move the system progressively from region IV to
region I. Therefore, coacervation can be both “sup-
pressed” and “enhanced” through changing the number
of bound micelles. The decrease of binding affinity with
increase of salt concentration also causes all phase
boundaries Yc, Yφ1, Yφ2, and Yp to shift to larger Y.

From Figure 3, it is noted that the coacervation region
shrinks with the decrease of salt concentration until at
I ) 0.05 M no coacervation is observed. This result can

Figure 6. A simplified mechanism for five phases correspond-
ing to phase diagram. The darker shade represents the higher
charge density.

Figure 7. Simplified diagram for the phase changes with a
decrease of salt concentration.
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be explained in several ways, the first represented by
the schematic diagram of Figure 8. According to the
results in Figure 5, the coacervation region is centered
at the charge neutralization point. Thus, when the net
charge of the complexes Z is located in the range
between Zφ1 and Zφ2, coacervation takes place. The lines
indicated by “low I” and “high I” represent hypothetical
relationships between the net complex charge and Y at
low and high salt concentration, respectively. Because
the binding affinity of micelles to polyelectrolytes in-
creases with decrease in salt concentration, the change
of the net complex charge with Y (dZ/dY) increases with
the decrease of salt concentration. Because of stronger
binding at lower salt concentration, the number of
bound micelles is large so that coacervate is redissolved
to negatively charged complexes even at very low Y
value. Thus, from Figure 8, the coacervation region
between Yφ1 and Yφ2 at low salt concentration is smaller
than that at large salt concentration. At I ) 0.05 M,
the complex charge changes so quickly with Y that the
coacervation has no chance to be observed.

A second possible explanation of the diminution of the
coacervation region with the decrease of salt concentra-
tion is related to the size of TX100-SDS mixed micelles.
The size of mixed micelles is strongly influenced by the
SDS mole fraction Y and the ionic strength I.51 The
dependence of the size on Y and I is complicated;
however, normally, micelles are larger at large (Y, I)
than at low (Y, I). The hydrodynamic radii Rh of the
mixed micelles at Y ) 0.40 and I ) 0.60 M, and at Y )
0.17 and I ) 0.10 M, are 15.1 and 5.5 nm, respectively.
Although the binding energy may be the same at
different sets of Y and I along the I/II boundary,
complexes formed at different positions may be struc-
turally different. In particular, the lower curvature of
micelles at smaller (Y, I) values could result in adsorp-
tion of polymer chains in flatter configurations than in
the case for large, highly curved micelles. In the former
case, more efficient ion-pairing could lead to lower
hydration, allowing these complexes to coacervate more
readily.

Conclusions
Turbidity, dynamic light scattering, and electro-

phoretic mobility were used to study the effects of salt
concentration and charge density on coacervation of the
PDADMAC/TX100-SDS polyelectrolyte/mixed micelle
system. Liquid-liquid phase separation (coacervation)

occurs when the electrophoretic mobility is close to zero.
This corresponds to the binding of some specific number
of micelles. Changes in salt concentration can decrease
or increase the binding affinity of micelles to polyelec-
trolytes. Hence, coacervation can be both enhanced and
suppressed by increasing or decreasing salt concentra-
tion. The present results also suggest the importance
of the mixing charge ratio of micelles to polyelectrolytes.
Further studies on the effects of polymer concentration,
polymer molecular weight, and polymer:micelle stoichi-
ometry are in progress.
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