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ABSTRACT

The system (sodium dodecyl sulfate (SDS)-hydrolymdgacrylamide AD37-poly(4-vinylpyridine (P4VP i
aqueous media for the fixed AD37 concentration=825FC, was investigated using conductivity measeres: The
characteristic concentrations of the surfactantymdctrolyte-polyelectrolyte complexation: the icat
aggregation concentration (CAC) and saturation loé polyelectrolyte complex (AD37/P4VP) by SDS ¥&e
determined from the curve of conductivity accordimg concentration of surfactant. In the presenicthe complex
(AD37/P4VP), the relationship between conductiaitd SDS concentrations shows two breaks of slope.
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INTRODUCTION

Polymer—surfactant interactions have attractedeatgieal of attention for the benefit that the cmation of these
molecules can provide in several industrial apgitiess [1-3]. lonic surfactants can strongly inténaith oppositely
charged polyelectrolytes to form micelle-like stires at a very low critical aggregation concerdraf{CAC),
which is usually a few orders of magnitude loweartithe critical micellization concentration (CMCf) the free
surfactan4—7]. This is attributed to the electrostatic attion between the surfactant and the polyeledtplys
well as to the hydrophobic interaction between s$hefactant tails. In a surfactant/polyelectrolytdusion, the
addition of salt is expected to have a significafiitct on their interactions. It has been shown tha addition of
salt reduces the strength of electrostatic interachetween surfactants and polyelectrolytes, whigults in a
larger CAC [8-13].

Hydrolyzed polyacrylamide is a very important wagetuble polymer, which is used as a thickener odifrer for
use in the formulations of tertiary oil recover@[1Polyvinylpyridines have interesting chemicabperties thanks
to the nitrogen atom of the aromatic nucleus [Bg]dium dodecyl sulfate (SDS) is an anionic surfactgnerally
used to increase lifespan of foams or as detergénth explains its presence in many cosmetic petslguch as
the shampoos and the toothpastes like in the mjofithe detergents with crockery and deterge®i.[1In a
previous paper [17] the effect of the neutralizatidegree ) on the viscosimetric behaviour of (hydrolyzed
polyacrylamide, AD37—poly(4-vinylpyridine), P4VPpmplex in aqueous solution and in the presenceodium
dodecyl sulphate (SDS) (CMC=0.249 % of SDS [17]ywtudied. Physicochemical results show that nézsten
degree has an important effect on reduced visessialues of (AD37-P4VP-SDS) system that reveads th
electrostatic and hydrophobic interactions.

The aim of the present work is to study the intéoas in aqueous media between the anionic surfasadium

dodecyl sulfate (SDS) and the polyelectrolyte cargAD37/P4VP) [18] as a function of neutralizatidegree ),
using conductivity methods.
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EXPERIMENTAL SECTION

Products

Copolymer AD37 based on hydrolyzed acrylamide wesvided from Rhéne-Poulenc Company (France). Its
content in carboxylate function is 27 % and is dateed by*3C NMR and potentiometry. Its molar mass is
estimated to 5x10g mol* by light scattering technique [18, 19]. P4VP podynwas synthesized by radical
polymerization. In its neutral form, it is not sbla in water at neutral pH. Nevertheless, its highdlar character
induces good solubility in polar organic solvenisee I DMSO, DMF, methanol or ethanol. Its molar mass
estimated at 4xT0y mol*, by viscosimetry.

Apparatus
Our conductimetric measurements were made usiranductivity meter CDM 210 (Radiometer, Meter Labhe
solutions studied are contained in a glass cethtbstated double-walled (25 0.1) ° C using a heating circulator.

RESULTS AND DISCUSSION
Influence of the (AD37-P4VP) complex on the mizatiion of SDS surfactant

The ternary system (SDS-P4VP-AD37) was charactérlze conductometric measurements. We performed our
measures in the continuous phase in SDS concemisatiot exceeding 1%, measured pH was around 7.

The same approach was followed by varying the Pébditentrations for the neutralization degraes0.1, 0.2,
and 1, respectively. The concentration of the AD®i held fixed and estimated at“i/ml (Fig. 1, 2 and 3).

For a given degree of neutralization, the critigagregation concentration increases with increasdhe
concentration of the P4VP, that is to say, the fmgp of the interaction of SDS with P4VP is disadtaged at
high concentrations in P4VP because in the latise ¢the complexation of P4VP chains with thosefAD37 is
favored. When the neutralization degree increaBi&s 2 and 3), the gap between the curve is moseqmced,
higher conductivity values are recorded, sincddhding rate (pyridinium ion) increases.

In the presence of the complex (AD37-P4VP) (Fig2land 3), the relationship between conductivity £DS
concentrations shows two breaks of slope. In thesital profiles of the conductivities investigascof polymer-
surfactant mixtures, these breaks are relatedeinnteraction between surfactant and polymer nigledhoften the
critical aggregation concentration, symbolized b&QCand the concentration of saturation of polymeted X2.
The CAC is always lower than the CMC [20], implyitigat the formation of polymer-surfactant complex i
energetically more favorable than the formatiommidelles [21].We note that the complex (AD37-P4\¢alses a
linear increase of the conductivity of the systéRig. 1, 2 and 3), this increase is even more itgmarwhen the
concentration of both polymers increases. It haantsuggested Winnik and al. [22] that for the sys{&DS-
poly(ethylene imine)), the increase in conductiwfithe polymer-surfactant system can be explaingdrms of the
higher mobility of the sodium ion of SDS bound e {polymer compared with its allocation to SDS ihésein the
absence of the polymer. In addition, the polymefasiant may be composed of the surfactant micéltesd to the
polymer, allowing a higher mobility of the sodiuons of a micelle to another. After reaching the C&@re is an
obvious decrease in the slope caused by the reduatithe mobility of the free ions of surfactantsolution which
are hampered before the formation of aggregatesidbdo the polymer. Free ions SDS more contributéh®
conductivity of the solution, compared to the saoms in the micelles [23].

This interaction continues until the saturatiortte complex (AD37-P4VP) with SDS, which can be dateed by
a second break that is the concentration of sabaraif polymer. With increasing the SDS concentmatithe
conductivity dependence is again linear. BetweenQAC and X2, there is the area of interaction the binding of
the SDS molecules to the complex, we observe alinear dependence. It has been suggested [23}Hbaton-
linearity could be related to a step in the proa&smteraction that corresponds to the saturatibthe available
sites in the complex with the monomers surfactanhizelles of low aggregation number, after thisceties with
larger aggregation number can be formed.
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Fig. 1 Change in conductivity of SDS on its concemtion at T = 25 ° C, in the presence of the varisiconcentrations in P4VP (g/mi (m)
0.1x10% (e) 0.5x10% (A) 1x10% (V) 2x10% () 4x10*% for 6=0.1 and at Gpz; =1x10%g/ml
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Fig.2 Change in conductivity of SDS on its concerdtion at T = 25 ° C, in the presence of the variousoncentrations in P4VP (g/ml): &)
0.1x10% (e) 0.5x10% (A) 1x10% (W) 2x10% (4) 4x10*% for =0.5 and at Gps; =1x10%g/ml

Table 1. give the values of the characteristic earations (CAC and X2) as a function of PAVP coitraions for
the three neutralization degrees, the concentsitioa represented in g / 100 ml.

Coave o=0.1 o=0.5 o=1

CAC Xz CAC Xz CAC Xz
0.001| 0.127| 0.31] 0.158 0.32 0.161 033
0.005| 0.13| 042 0.164 035 0.173 0.85
0.01 | 0.138) 0.5| 0.172 04 0.18 0/4
0.02 0.16 | 055 0.18 051 0.195 0.46
0.04 0.17| 0.77, 0.183 0.7 0.20 0.67

Table 1. Characteristic concentrations (CAC and X2ps a function of P4VP concentrations for the thre neutralization degrees

By analyzing the data listed in Table 1, we obsemat for a given concentration of P4VP the CAQueslincrease
with the neutralization degree, this is explaingdtte increasing of the hydrophobicity of P4VP dsaihen the
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neutralization degree decrease, in this case ttfactant aggregates can be binding to hydrophobigments of
P4VP. The interaction is therefore favored for B4VP concentrations with a high hydrophobicity.
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Fig.3 Change in conductivity of SDS on its concerdtion at T = 25 ° C, in the presence of the variousoncentrations in P4VP (g/ml): &)
0.1x10% (e) 0.5x10% (A) 1x10% (V) 2x10% () 4x10*% for a=1 and at Gyps; =1x10%g/ml

CONCLUSION

This study showed that this system forms a compfexaqueous media. The measurements allowed the
determination of the SDS concentration at whichphbyelectrolyte complex —SDS interaction begin®\Q} and
ends (X2). Between the CAC and X2, there is tha afeinteraction, i.e. the binding of the SDS males to the
complex, we observe a non-linear dependence. Tthes, interaction is therefore favored for low P4VP
concentrations with a high hydrophobicity.
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