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Interactions of short-chain surfactants
with a nonionic polymer

Abstract Aqueous solutions con-
taining poly(vinylpyrrolidone)
(PVP) and sodium caprylate (SCAP)
or tetraethylammonium perfluo-
rooctanesulfonate have been inves-
tigated as a function of the
surfactant content, the added poly-
mer, temperature and ionic strength.
According to experimental evidence,
significant interactions have been
observed in both systems, with the
occurrence of both critical associa-
tion and micelle formation thresh-
olds. Volumetric, viscometric, ionic
conductivity and surface tension
methods have been used to quantify
the interactions between surfactants
and the polymer in ternary systems
containing PVP and SCAP or the

polymer and the fluorinated surfac-
tant. In both cases, the width of the
interaction region is proportional to
the PVP content in the mixture.
Temperature and ionic strength have
a relevant effect on the width of the
interaction region, which decreases
on increasing the temperature.
Binding onto PVP and micelle for-
mation were analyzed in terms of a
mass-action model. In this way, the
observed behavior was rationalized
and information on the thermody-
namics of such mixtures was given.
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Introduction

Systems containing polymers and surfactants are the
subject of significant research interest [1-4, 5]. The
possible technological applications of these systems, in
fact, justify experimental investigation of their physico-
chemical properties [6-9] as well as theoretical modeling
[10-15]. Such studies have consequences for fundamen-
tal and applied aspects of these systems, for instance, in
explaining the peculiar phenomena involved in the
solubilization, adsorption and rheology of polymer—
surfactant systems.

Most of the investigations reported so far concern
the interactions between neutral homopolymers
[poly(ethylene glycol), poly(ethylene oxide) or poly
(vinylpyrrolidone) (PVP)] and sodium dodecyl sulfate
or dodecyltrimethylammonium bromide [16, 17]. More

recently, the interactions between block copolymers and
surface-active agents [18], between surfactants and
polyelectrolytes [19, 20] or selected proteins [21, 22]
have also been discussed.

Not much is known about the interactions between
homopolymers and short-chain surfactants. It has been
known for a long time that some of them do not
interact with homopolymers [3, 7]. Information on this,
unfortunately, is poor; thus, detailed knowledge of all
the factors controlling polymer—surfactant interactions
in systems containing short-chain surfactants is re-
quired.

To shed light on this subject, we investigated some
physicochemical properties of aqueous PVP and sodium
caprylate (SCAP), PVP in 1 m aqueous NaCl and
sodium caprylate and aqueous PVP and tetraethylam-
monium perfluorooctanesulfonate (TEAPFOSS).
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A detailed analysis on the interactions between the
polymer and the aforementioned surfactants was used to
clarify some aspects, in particular the replacement of
polymethylene chains with fluorinated ones, as well as
the role that temperature and ionic strength exert on
polymer—surfactant interactions.

Information on the forces controlling polymer—sur-
factant interactions was inferred from thermodynamic
and transport properties. A thermodynamic analysis of
such interactions, based on a mass-action model, was
used by some of us in the analysis of the kinetics of
polymer—surfactant interactions [11, 13, 17, 23]. With
some formal changes, the model is applied to the PVP—
SCAP, and PVP-TEAPFOSS systems.

Experimental

Materials

Ethanol, NaCl, HCI, absolute ethanol and sodium (used in the
preparation of sodium ethoxide) were from Aldrich. NaCl was
vacuum dried before use. Deionized and doubly distilled water,
(k~1 uS at 25 °C) was used.

SCAP, caprylic acid and TEAPFOSS, nominal purity higher
than 98%, were from Aldrich. Foaming fractionation was used to
purify the surfactants [24]. Application of this technique to
SCAPwas not satisfactory. Thus, titration of caprylic acid with
sodium ethoxide in hot ethanol was performed. The solution
resulting from the titration in the ethanolic medium was concen-
trated and the solid was dried in a vacuum. Foaming of its diluted
aqueous solutions (at a concentration below the critical micelle
concentration, cmc) was used. As inferred from the surface tension
versus logm plots, the product does not show significant surface-
active impurities.

PVP, average molecular mass, <Mw >, of 28 kDa, (Aldrich),
was used. Cartridges (Nuclepore, 800 um) were used to filter the
polymer-containing solutions, to remove dust and large particles.

The solutions were prepared by weight and were corrected for
buoyancy.

Methods
Surface properties

A K10T unit (Kruss), thermostatted to 0.1 °C by circulating water,
was used to measure the surface tension, o. Details of the
calibration and the measuring procedures are given elsewhere
[25]. The platinum Du Noiiy ring was roasted in a red flame,
washed in 0.1 m HCI and cleaned in doubly distilled water. The
surface tension of the conductivity water was 71.8 mNm™' at
25 °C.

The ¢ values were obtained from five or more independent
determinations, with an accuracy of +0.3 mNm™'. The data were
analyzed using the Gibbs adsorption isotherm

do = 71—‘2 [ZRTd In az] ~ 71—‘2 [ZRlenmz] s (1)

where T is the temperature, I'; the surface-excess concentration and
R is the gas constant. The solute activity, a,, was replaced by the
corresponding molality, m,.

Viscosity

The viscosity, 1, was measured using Ubbelhode viscometers
(Schott). To minimize spurious kinetic effects, the viscometers had
flow times in the range 2-300 s. The accuracy was to 0.2 s. Each
datum is the result of at least five determinations. The relative
viscosity, 7y, was calculated from

e = n/1° = (tp/1°0°) (2)

where t and t° are the solution and solvent flow times, respectively,
and p and p° are the corresponding densities.
Selected relative viscosity data are reported in Table 1.

Volumetric properties

The solution density, p, was measured using a DMA 60 vibration
densimeter (Anton Paar), thermostatted to within +0.002 °C by
a circulating water bath (Heto). The uncertainty in p was
+2 x 107 gem™. Apparent, @y, and partial, V,, molal volumes
were obtained from the relations

Dyr =MW/p —10*(p — p°)/pp’m, , (3)

Vy = 9(my®y,)/0m, (4)

Table 1 The surfactant

molality, m, and the relative H,O 0.1 wt% PVP 0.2 wt% PVP 0.3 wt% PVP 0.5 wt% PVP
Viscosity, 7y, of the system
Waterfpoly(vinylpyrrolidone) m Nrel m Nrel m Nrel m Nrel m Nrel
(PVP)-sodium caprylate at
25 °oC 0.0639 1.051 0.0803 1.047 0.0500 1.097 0.1559 1.118 0.1679 1.149
0.148 1.119 0.1559 1.118 0.1496 1.190 0.2312 1.183 0.2481 1.224
0.218 1.162 0.2312 1.183 0.1904 1.235 0.2912 1.217 0.3077 1.312
0.299 1.232 0.2619 1.224 0.2523 1.301 0.2989 1.268 0.3610 1.339
0.348 1.276 0.2989 1.291 0.2977 1.326 0.3380 1.270 0.3938 1.317
0.431 1.353 0.3380 1.317 0.3481 1.364 0.3755 1.328 0.4606 1.380
0.544 1.456 0.3756 1.329 0.4045 1.391 0.4177 1.326 0.4984 1.352
0.670 1.626 0.4178 1.349 0.4452 1.413 0.4548 1.398 0.5652 1.419
0.766 1.796 0.4548 1.351 0.5021 1.427 0.5000 1.442 0.6541 1.467
0.876 1.963 0.5003 1.366 0.5378 1.430 0.6247 1.493 0.7135 1.753
0.933 2.084 0.5670 1.466 0.5988 1.506 0.7490 1.748 0.7977 1.860
1.05 2.284 0.6247 1.592 0.6928 1.777 0.8485 1.934 0.8565 1.940
0.6940 1.715 0.7838 1.875 0.9959 1.934 0.9130 2.063
0.8486 1.934 0.8823 2.039 2.227 0.9946 2.212
0.9960 2.211 0.9677 2.198

1.0319 2434
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where MW is the solute molal mass and the other symbols are as
previously. The apparent and the partial molal volumes are given in
Table 2 and in Fig. 1, respectively.

Electrical conductance

A 730 Amel unit, equipped with a small-volume conductivity cell,
was used to measure the electrical conductance, x. The cell was
thermostatted to £+0.002 °C by circulating oil. An F25 precision
thermometer (Automatic System Laboratories) was used to
measure the temperature. When polymer—surfactant interactions
were present two changes in the slope were observed (Fig. 2). From
the data critical association concentration (cac) and cmc* values [7,
8, 9, 26] were obtained.

Results
Volumetric properties

The volumetric behavior of the water—-PVP-SCAP
system is quite different from the water—-SCAP one, as
indicated in Fig. 1. The volume change of the micelle
formation, AV ., (11 cm3m0171), was evaluated from
the distance between the tangents to the two branches of
the curve at the cmc [27]. The volume change associated
with the polymer—surfactant interactions, AV,g (8-
9 cm’mol™"), was calculated in the same way. Its value
is slightly dependent on the PVP content. As expected,
AV is lower than AV ..

Table 2 The molality, m (molkg™"), and the apparent molal vo-
lume, ®y, (cm3mol"), of sodium caprylate in water and in
1.003 wt% PVP at 25 °C

m (I)sz m (I)vwz

Water
2.51 x 1072 132.1 5.12%x 107! 136.4
5.11 x 1072 132.1 5.53 x 107! 137.0
1.15%x 107! 132.2 6.11 x 107! 137.5
1.54 x 107! 132.4 6.52 x 107! 138.0
2.04 x 107! 132.7 7.13 x 107! 138.2
2.53x 107! 133.3 7.52 x 107! 138.4
3.02 x 107! 133.7 8.03 x 107! 138.6
3.52x 107! 134.2 8.51 x 107! 138.7
4.01 x 107! 134.0 9.02 x 107! 138.9
453 x 107! 135.7 9.54 x 107! 139.0
4.87 x 107! 136.0 1.05 x 10° 139.2

1.003 wt% PVP
231 x 1072 130.1 572 % 107! 134.0
522 x 1072 130.1 6.03 x 107! 135.1
1.11 x 107! 130.2 6.48 x 107! 135.9
1.55 x 107! 130.4 7.02 x 107! 136.6
2.13 x 107! 130.7 7.63 x 107! 137.1
2.50 x 107! 130.9 8.00 x 107! 137.7
3.00 x 107! 131.3 8.48 x 107! 137.9
3.48 x 107! 131.5 9.11 x 107! 138.0
411 x 107! 132.0 9.51 x 107! 138.2
4.57 x 107! 132.4 1.01 x 107! 138.4
4.82 % 107! 133.1 1.25 x 10° 138.7
5.09 x 107! 133.6 1.46 x 10° 138.9
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Fig. 1 Partial molal volume, V, (cm®mol™), of sodium caprylate
(SCAP) in water (full symbols) and in 1 wt % poly(vinylpyrrolidone)
(PVP), as a function of molality at 25 °C. The volume changes of
micelle formation, AV, and of polymer—surfactant interactions,
AV, are indicated by bars on the right-hand side of the figure

The data in Fig. 1 indicate that the number-average
aggregation numbers of polymer-bound aggregates are
lower that those of free micelles. In the mass-action
model for micelle formation, in fact, the slope of the
@y, function around the transition concentration is
proportional to the micelle aggregation number [28].

The following relation may be used to calculate
<m> and <n> values, i.e. the number-average
aggregation numbers of free and polymer-bound mi-
celles, respectively [29],

Dy, = A(V)+ AAymy) + (1 — AV, o (5)

where V9 and V,_, are the lower and upper limits of the
partial molal volume, respectively, the quantity A is the
ratio between the molecular and the overall surfactant
content and Ay is a parameter accounting for pairwise
interactions between surfactant monomers [28].

Assuming that dA%/dm3 is zero at the cmc, or at the
cac, the number-average aggregation number may be
obtained from [29]
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Fig. 2 Electrical conductance, x—° (mS), as a function of caprylate
molality in water (crosses) and in 1 wt %, PVP (full symbols) at
25 °C. To avoid overlapping, the former curve has been shifted 5 mS
upward
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A=(x/x =11 - (1/2x)"7] (6)

where x is either <n> or <m>. In systems containing
SCAP at 25 °C the number-average aggregation num-
bers decrease from about 18-20 (in water) to 12-13 in
the presence of 1 wt% PVP. Within the limits set up by
the approach, the values obtained by the fit are
reasonable.

In the water—PVP-TEAPFOSS system the very low
cac and cmc* values do not allow the volumetric
behavior to be determined with due accuracy. Estimates
indicate that AV, is close to 14 cm®mol™ [30]. The
volume change associated with polymer—surfactant
interactions, AV, is about 11 cm’mol™!. This behavior
(i.e. AV <AVpo) is in line with previous findings [31,
32] and is similar to that observed in dilution enthalpies
[33, 34] and adiabatic compressibility [17, 35].

Electrical conductance

When polymer—surfactant interactions are present, the
k(m) curves show two distinct changes in slope (Fig. 2).
Such changes are associated with the cac and with
micelle formation, once the polymer binding sites have
been saturated by the surfactant. The electrical conduc-
tance, unfortunately, does not allow us to ascertain
whether the interactions are related to ion, or aggregate,
binding onto the polymer.

Surface properties

When PVP is present two distinct changes in slope are
observed (Fig. 3). They are related to the onset of
polymer—surfactant interaction and to micelle forma-
tion, respectively. The distance between such points is
proportional to the polymer weight percent in the
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Fig. 3 Surface tension, o (mNm™"), as a function of the logarithm of
the concentration of tetraethylammonium perfluorooctanesulfonate
(TEAPFOSS) in water (triangles), 0.10 wt% PVP (circles) and
0.30 wt% PVP (crosses) at 25 °C

mixture. The cac is slightly dependent on the polymer
content in the solvent.

Solution viscosity

The Data in Table 1 and in Fig. 4 indicate the presence
of two changes in slope at the cac and the cmc*,
respectively. The aforementioned behavior depends on
the PVP content, temperature and added electrolyte.

The limiting hydrodynamic volume of the surfactant
molecule, V, [36, 37], is inversely proportional to the
amount of PVP in the solvent. This is a qualitative
indication that polymer-bound aggregates are smaller
than free micelles. Added NaCl and temperature have a
pronounced effect on the hydrodynamic volume of free
and polymer-bound aggregates.

Thermodynamic behavior

At 25 °C, the cmc of SCAP is 0.35 m [38] and that of
TEAPFOSS is about 1 mm [30]. The micelle aggregation
numbers are between 15 and 20, depending on the
surfactant [39—41]. As indicated before, the presence of
PVP shifts the micelle formation to higher values.

The Gibbs energy of micelle formation, AG;.=
RTIn(cmc), and that associated with polymer—surfactant
interactions, AG; = RTIn(cac), are reported in Table 3.
These quantities indicate the transfer of a surfactant
molecule from the bulk to a micellelike interior or to a
polymer binding site, respectively.

The nature of the surfactant, the PVP weight percent
and the temperature control the free energy of transfer
from a polymer binding site to the micelles, AGy,. The
related behavior is indicated in Fig. 5.

The enthalpies and entropies associated with poly-
mer—surfactant interactions were obtained from the
dependence of AG, on temperature and added PVP
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Fig. 4 Relative viscosity plots, 1, as a function of sodium caprylate
molality for a systems containing 0.10 wt%, PVP at 25 °C
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Table 3 The Gibbs energy associated with the critical association
concentration (cac), RTIn(cac) (kcalmol™), and that associated
with micelle formation, RTIn(cmc*) (kcalmol™), of sodium ca-
prylate as a function of PVP weight percent at 25 °C

PVP (wt%) RTIn(cac) RTIn(cmc*)
0.10300 -13.2 -10.8
0.20100 -13.3 -10.6
0.29800 -13.4 -10.5
0.40400 -134 -10.4
0.50000 -13.5 -10.4
0.60700 -13.5 -10.3
0.74700 -13.6 -10.3
1.0030 -13.7 -10.2

24

trans

(Keal mol ™)

4 L L

P

T
0 X 0,003 0,006

BS
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Fig. 5 RTIn(cac/cmc) (kcalmol ™) as a function of the mole fraction
of polymer binding sites, Xgs, for TEAPFOSS (empty symbols) at
25 °C and SCAP (full symbols) at different temperatures

(Table 4). According to the data reported there, AH; is
linearly dependent on the number of polymer binding
sites and becomes progressively negative. As in the case
of micelle formation, polymer—surfactant interactions
are mainly controlled by entropic contributions. AS, in
fact, is almost linearly dependent on the mole fraction of
polymer binding sites, X3 gs. As in previous studies [23],
the molar mass of the latter quantity was assumed to be
about 2 kDa.

Discussion

Several thermodynamic contributions control the orga-
nization of amphiphiles into micelles (i.e. energy of
transfer terms, effects associated with the formation of
an interface, steric contributions, electrostatic ones,
etc.). When interacting polymers are present more terms
must be considered [42].

Table 4 The enthalpic, AHp (kcalmol™), and entropic, ASpg
(calmol™'deg™), contributions associated with polymer—surfactant
interactions in the water-sodium caprylate-PVP system. AH,; data
were calculated from the temperature dependence of the cac in the
temperature range 15-45 °C

PVP (wt%) AH,g ASpsi
0.1031 1.84 3.4
0.2012 1.51 6.7
0.2980 1.07 10.2
0.4043 0.66 132
0.5001 0.27 16.8
0.6068 -0.23 20.2
0.7467 -0.89 235
1.003 ~1.45 26.8

A complete (and realistic) evaluation of the thermo-
dynamic effects responsible for polymer—surfactant
interactions is not straightforward; that is why mass-
action models are useful. Refined treatments have been
presented for this purpose [10—13]. In addition, “small
systems thermodynamics’ can be used, after rearrange-
ment of the binding equations [14, 15]. This approach
may be useful when the number of surfactant molecules
interacting with a given polymer binding site is concen-
tration-dependent.

The volumetric findings indicate that the aggregation
numbers of PVP-bound micelles are smaller than for free
micelles. Accordingly, two equilibria are involved in the
system: one related to the binding of aggregates
containing <n> units onto a polymer binding site;
the second to the formation of micelles containing, on
average, <m> surfactant units.

The equations for the surfactant chemical potential at
the cac and the cmc*, respectively, are given by

ln(az‘,]) —(1/n) ln(aZ,n) = (:“g,n - :ug“,l)/RT )

(1/m)In(az,) — (1/m)In(azm) = (K3, — H2,)/RT -

(7)

(8)

Neglecting the activity coefficients, the equilibrium

concentration of micellar surfactant, X,,, and of

polymer—surfactant complexes, X, ,, can be expressed
as

Xom = X3 exp[—m(A,ug,m/KT)] , 9)

(10)

and can be introduced in the equation for the overall
surfactant content, X5 (o.

According to Egs. (7), (8), (9) and (10), the width of
the interaction region, keeping the intensive variables
fixed, is proportional to the difference between m and n.
Such behavior is, indeed, observed in the phase diagrams
in Fig. 6.

Xan = X3, exp[-n(Ags . /KT)] ,
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Fig. 6 Plot of the cac and cmc* 1

lines in pseudobinary diagrams
reporting the PVP weight per-
cent as a function of SCAP
weight percent at 15 °C (full
triangles) and 20 °C. The dia-
grams for water (dotted line)
and for 1 m NaCl at 25 °C are
shown in the inset. The partial
phase diagram of the water—
PVP-TEAPFOSS system at

15 °C (dashed line) and 25 °C,
is reported in the triangular
diagram

PVP wt %

0.5

For practical purposes, some data reported there are
drawn in pseudobinary plots, others in ternary ones. As
can be seen from Fig. 6, the interaction region changes
in size and location upon replacement of water with 1 m
NaCl. In addition, the width of the aforementioned
region decreases on increasing the temperature.

When the overall surfactant concentration, X o, 1S
large enough to ensure the occurrence of surfactant
monomers, polymer-bound aggregates and free micelles,
the following equality holds

Xo ot = X2 + mXo m + DN X3 501(Xon/1+ Xon)
(11)

where the product NyX;p, is the mole fraction
of polymer binding sites in the mixture. (Note, the mass
of a binding site is about 2 kDa and Ny, is the number of
binding sites per polymer molecule.)

If X5t is kept fixed, a variation of X;po is
concomitant with changes in the distribution of the

5 10 15

7
TEAPFOSS

surfactant in the three different states. In words, X, 1,
Xom and X,, do change. This is reflected in the
variation of the cac (X;,;) and cmc* (X,;) curves
reported in Table 3. The aforementioned X, ; and X, ,
curves may be expressed in terms of power-law equa-
tions of X3 poj, according to [27, 43]

Xom = X3 +aXspol + DX poy + Xipo +--- 5 (12)
Xo1 = X3+ AXspol + BXG poy + CX3 g+, (13)
where a, b, c, ...., and A, B, C, ...., are proper constants.

(Note a#A, b#B, and so forth.)
When the amount of polymer in the medium, X; p,),

is moderate the equations may be linearized, without

loss of generality. In particular, when X,, is <<1,

Eq. (11) is simplified to

X0t = X2, + mXom + n1NpX3 poiXon

and may be expressed in differential form as

(14)
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(0X2.t0t/0X3.po1) = 0 = (0X2,1/0X3.por)
+ m(0Xom/0X3po1) + NN [O(X3 po1X2,n)/0X3 pol]
(15)
or

(0X2,1/0X3.po1) + M(OX2m/0X3 por)
= —nNp[X3po1(0X2n/0X3p01) + Xon] - (16)

It must be pointed out that the terms m, n and Ny, in
Eq. (16) are independent of polymer and surfactant
content, because of the constraints dictated by the mass-
action law. Equation (16) can be applied to rationalize
the phase diagrams reported in Fig. 6. Note that the
quantities (0X5,1/0X3po)) and (0Xzm/0X3po1) are the
tangents to the cac and cmc* curves, respectively
[44-46]. When the derivatives in Eq. (16) are constant
(i.e. when the dependence of X,,, (and X,;) on the
polymer weight percent is nearly linear), an approximate
solution can be obtained according to

X = [(0X2.1/0X3p01)* + (0X2m/OX3po1)

— 2Xspol]/? ~ [a? + A7 = 2X3 ] (17)

Equation (17) can be used in the dilute polymer regime.
The meaning underlying Eq. (17) can be inferred
from simple physical considerations. In particular

1. The width of the interaction region at fixed polymer
content is controlled by the different affinity of the
surfactant for binding compared to the formation of
free micelles, i.e. by the Gibbs energy of transfer
reported in Fig. 5.

2. The width of the interaction region is related to the
difference of average aggregation numbers of free
compared to polymer-bound micelles.

3. The temperature and ionic strength modulate the
width of the interaction region.

A schematic visualization of the physical meaning of
Eq. (17) is sketched in Fig. 7. The scheme shown there
can be of use in dilute systems. It must be kept in mind,
perhaps, that it gets full thermodynamic meaning when
applied to a triangular phase diagram (when the
equations for the chemical potential of X wa, X201
and X;p, are considered). Equations (16) and (17)
account for some fundamental aspects of polymer—
surfactant interactions at low polymer content. For
instance, the width of the interaction region is controlled
by the polymer affinity with the surfactant.

Equation (17) may explain the differences occurring
in the water—PVP-SCAP system compared to the water—
PVP-TEAPFOSS one. The shape of the cac and the
cmc* curves, in fact, indicates whether ideality condi-
tions are fulfilled. In the low-surfactant-concentration
regime the micelles are surely noninteracting and

Xsp ,
v
cac line —— | <4— cmc* line
| /
A
d}(zl/% ,
Xon /\
dX, , /dX;p

2,m

X2,lol

Fig. 7 The links between X,;, Xj3po, Xom and X,, in the
pseudobinary phase diagrams. The plots are calculated according to
Eq. (17)

the cmc* curve should be approximately linear. In
the water—-PVP-TEAPFOSS system, in addition, the
unfavorable interactions between fluoromethylene
chains and the polymer may imply that polymer-bound
micelles do not grow in size. Unfortunately, we do not
have direct experimental evidence of such an effect.

Modifications in the width of the interaction region
owing to the medium ionic strength and/or temperature
may be introduced into Egs. (16) and (17). The effect
that temperature exerts on the cac and the cmc* is
relatively simple to quantify, for instance.

Polymer—surfactant interactions are not automati-
cally concomitant to micelle formation. Arai et al. [3]
and others [47, 48] showed that (at fixed X3 p,) the cac
depends on the surfactant alkyl chain length, C,, in a
similar way as the cmc. Perhaps, the slope of In(cac)
versus C, may be different from that of the cmc. In
some cases, below a critical alkyl chain length, micel-
lization is energetically favored with respect to poly-
mer—surfactant interactions. This is the behavior
observed in systems containing PVP and octylsulfate
[49]. The physical reasons responsible for the occur-
rence, or absence, of polymer—surfactant interactions
are thus to be ascribed to the overlapping of favorable
and unfavorable contributions (electrostatic, solvation,
etc.) to the overall stability of polymer-bound aggre-
gates.

Conclusions

The purpose of this contribution was to shed light on the
role played by the nature of alkyl chains in polymer—
surfactant interactions. Experimental evidence indicates
that cac and cmc* values are sensitive to added
electrolytes, temperature and polymer content.
Relatively small aggregates (aggregation numbers
lower than for free micelles) [6-9] are formed on the
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polymer binding sites. The determination of aggregation
numbers, which had previously been made by different
experimental methods [50-53], was estimated by volu-
metric techniques. In the case of SCAP, the aggregation
numbers of polymer-bound aggregates are significantly
lower than for free micelles. This is in line with
fluorescence decay studies [52].

The application of a mass-action approach to the
present systems indicates that the width of the interac-

tion region and the shape of the curves separating the
different parts of the phase diagram are controlled by
the difference in the number-average aggregation num-
bers between free and polymer-bound aggregates.
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