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ABSTRACT

In this work, we consider the tensiometric behaviof the system poly(N-octyl-4-vinylpyridinium
bromide)(20%)/sodium dodecylsulfatP4vPC8-20-SDS] in absence and the presence of NaCl salt. Thius, t
copolymer poly(N-octyl-4-vinylpyridinium bromided@) [P4VPC8-20] is used under quaternization rate of 20%.
The results show that the copolymer concentratiaygpa main role in the tensiometric behavior dé thystem.
Also, the salt addition decreases the surface ¢ensif the solution. Finally, the surface tensiontloé solution
decreases as a function of the SDS concentratmmalifthe copolymer concentrations. All the resutonfirm the
main role of the electrostatic interactions and thmportance of the copolymer character in term bé t
hydrophobic/hydrophylic balance.

Key words: Tensiometry, Poly(N-octyl-4-vinylpyridinium broihe)(20%) P4VPC8-2Q Sodium dodecylsulfate,
NaCl salt, Interactions.

INTRODUCTION

The polymer/surfactant mixtures are used in a wialege of commercial applications, and the studytheir

behavior in the bulk and at the interface is ofagjiaterest [1-3]. The main types interactions oliymers/surfactant
can be gathered in a relatively weak interactioesvben the polymer chains and the surfactant, ersthong
electrostatic interactions between the oppositgghpolyelectrolytes and the charged groups oéthéactant [4].

Experiences on the polymer/surfactant mixture anply concentred on their properties in solutionit Bntil now,
interfacial properties of these systems are corsiie less accessible. The present paper desdtibesmphiphile
structure of the copolymer based on poly(N-octyidylpyridinium bromide)(20%) P4VPC8-20 under
guaternization rate of 20%, mixed with the aniosicfactantSDS. The tensiometric experimental mesurements
show that the physicochimical properties in aquesnlagtion and in absence and in the presence of Ba€ are
related with the copolymer behavior.
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Scheme 1. Structural unit of P4VP and P4VP-¢Br (a) P4VP, (b) P4VPC8-20, withn =8

MATERIALS AND METHODS

2.1. Preparation of the mother solution of P4VPC8-2

To obtain a mother solution of the copolyn®#VPC8-20with a concentration of £éng/lit.. an amount of 0.05 g
of this copolymer is introduced into a 50ml voluneflask and completed by0Oml of a double distilled water. The
solution is stirred for 24 hours at room tempemtand then filtered using ordinary filter paper.rigas
concentrations of the copolymer (10, 20, 50 et 8ditr) have been prepared by dilution from the hastsolution.

2.2. Preparation of the mother solution of Sodium ddecylSulphate (SD3
In a 50 ml volumetric flask, we dissolve 2.88 gtlé SDS in double distilled water under agitatiorobtain an
aqueous solution with the concentration of 2.0 A very homogeneous solution is obtained.

2.3- Preparation of the salt solution:
A solution of sodium chlorid NaCl with a concenioat of 0.1 M is prepared. For this effect, we digedb.85g of
the salt in a 200ml of double distilled water imc@umetric flask.

RESULTS AND DISCUSSION
2.1 Tensiometric study of the SDS in absence and in thpresence of NaCl

In this part of work, we are interested to study Wariation of the surface tension of sodium dotidfate (SDS)
agueous solution as a function of its concentratith and without added salt NaCl at T=25 °C.
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Figure 1: Surface tension variation of sodium dodedsulfate(SDS) aqueous solutions as a function d@§iconcentration with and without
added NaCl at T=25 °C

The previous figure shows the variation of the ateftension of sodium dodecylsulfate (SDS) as atifum of its
concentration with and without NaCl. On the figdrethe variation of the tension surface decreaselea interval
SDS concentration [1OM -6x10° M], then stabilizes beyond of this concentratibhe concentration 6x11M is
called critical micelle concentration (CMC). Inded¢hke curve slope of the tension surface variatiith the SDS
concentration, in the presence of the NaCl salifferent to that of SDS alone. We observe alsacarpthe range
concentration of SDS [7x10M - 4x10° M]. This is explained by the presence of NaCl whfredominates the
electrostatic repulsions compared to the hydropfiploophobe interactions. We can say that the atisorof the

259
www.scholarsresearchlibrary.com



Ali Mansri et al Der Pharma Chemica, 2015, 7 (11):258-263

hydrophobe part at the water-air interface willdifficult. In the SDS concentration domain [4%1M -3,8x10*
M], the surface tension variation decreases ratftty it stabilizes beyond this domain.

The addition of the salt reduces the superficiasiten of the solution, such gs= 65 mN/m (for the SDS alone) and
y = 48.46 mN/m (for the (SDS + NacCl)). From thisfistudy, we can conclude that the salt additiamuptes the
surfactant micellizatiorCMC sps= 6x10° M is comparable with the litterature results [5-7

2.2Tensiometric study of P4VPC8-20-SDS mixture in absee of NaCl

The Figure 2 shows the surface tension variationaqfieous solutions of the copolymer poly(N-octyl-4-
vinylpyridinium bromide)(20%)P4VPC8-2Q as a function of the added SDS at copolymer aaratons
respectively equal to O ppm, 10 ppm, 20 ppm, 50 ppB0 ppm.
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Figure 2: Surface tension variation of aqueous sotions with the copolymer poly(N-octyl-4-vinylpyridinium bromide)(20%) P4VPC8-20,
as function of the added SDS, for copolymer conceations Oppm, 10ppm, 20ppm, 50ppm et 80 ppm, at TE°C

We remark that the surface tension of the solutlenreases as a function of the SDS concentratiznalf the
copolymer concentrations. The copolymer additiomh® solution decreases the surface tension. Shixplained
by the less adsorption of the copolymer hydrophmdot at the water-air interface. At a constant @D8centration,
the surface tension decreases according to thelyeopo concentration. This means that when the gopet
concentration increases, the surface tension caheion decreases.

For the copolymer concentration value 10 ppine curve slope of the surface tension variatiomhef solution is
comparable to that of the SDS alone. In the dorft®f M - 7.98x 1 M] of SDS concentration, we remark a
platform, then a sharp decrease in the intervé8@$ concentration [7.98 xfQM - 0.0019 M]. The point which
corresponds to the slope change is called “Crithgggregation Concentration(CAC) (beginning of the micelles
formation on the polymer) [8]. In the domain [0.G@0M - 10* M], the surface tension diminution is more or less
constant. The polymer is saturated with the miselnd consequently the free micelles formatioreappin the
solution [8].

Concerning the copolymer concentration 20ppm, weente a platform in the concentration domain 10 -
3.95x10° M] (formation of free micelles in the solution)h@n, a fall of the surface tension in the concéioina
domain [3.95x18 M - 2x10° M], where the beginning of the micelles formatiom the polyme(CAC). In the
SDS domain concentration [2x10M - 0.01 M], the surface tension weakly decreabesause the copolymer is
saturated with the micelles.
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For the concentration 50ppm, the copolymer preseytod surfactant behavior basing on the littéeatasult [8]. In
the concentration domain [£QVl - 8.89x10° M], we observe a sharp decrease of the surfacgotenindeed, this
fall gets back at the adsorption of the hydrophaigigments at the water-air interface. In the dorf&aB9x10° M -
8.45x10" M], the variation of the surface tension as a fiomcof the SDS concentration decreases slighthys Ts
explained by the beginning of the micelles formatimn the copolymer. In the concentrations domairSbBiS
[8.45x10% M - 0.0019 M], the variation of the surface temsin the solution decreases slightly, and it izds
beyond this field. The polymer is saturated wite 8DS molecules, and the formation of free micahesolution
begans.

In the case where the copolymer concentration etmaB0 ppm, we observe a surface tension fall, hia t
concentration domain of SDS [fM - 7.89x10° M]. Then the surface tension diminution becomesknia the
concentration interval [7.89xFOM - 5.87x10° M]. Indeed, the micelles start surrounding polyimehains at the
concentration 7.89x10M which is called “critical agregation concentaati (CAC).

The surface tension diminution of the solution beee remarkable in the domain [5.87%1 - 8x10* M], and
beyond of this concentration, the variation stab#i The concentration 8xi is called “critical micellar
concentration{CMC), where the formation of free micelles in solutlmegans.

At weak copolymer concentrations and at constars 8ncentration, the surface tension of the solutiecreases
as a function of the copolymer concentration. Thiepresented by the following equation:

Ysbs > Y10ppm > Y20ppm > Y50ppm = Y80ppm

3.3.1. Tensiometric study of P4VPC8-20-SDS mixture in presce of NaCl

The figure 3 shows the tension surface variatiofl.&fM NaCl aqueous solutions of the copolymer @dgctyl-4-
vinylpyridinium bromide) (20%)P4VPC8-2Q as a function of the added SDS at the copolynoeicentrations,
respectively 0 ppm, 10 ppm, 20 ppm, 50 ppm and go.pThe representative curves have different shapes
compared to that represented in the previous figure
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Figure 3: Surface tension variation of 0.1 M NaCl gueous solutions with the copolymer poly(N-octyl-44nylpyridinium bromide)(20%)
P4VPC8-20, as a function of the added SDS, for cdgmer concentrations 0 ppm, 10 ppm, 20 ppm, 50 pprt 80 ppm

In the SDS concentration interval [1M - 8.13x10° M], the surface tension of the solution decreasea function
of SDS concentration. This is due to the adsorptibrthe surfactant molecules on the copolymer chairhis
adsorption can be produced at very weak concemiatif the surfactant.

Over the first zong1), the surfactant and the copolymer are adsorbed hegait the surface producing weak
interactions between them [9]. Beyond the firstez(it), we observe an increasing in the surface tension thil
SDS concentration equal to 6.28%N (CAC) where the second zof2) begans. Indeed, the copolymer starts to
desorb from the interface water-air of the solution
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In the domain of SDS concentration [6.28%1M - 9.17x10" M], the surface tension decreases, then it skasili
beyond this interval. At this second zone, the fation of agregats takes place and the surfactactlies are
attached to the copolymer chains. The stabilizatiotihe surface tension during the third zone is ttuthe polymer
saturation by the micelles and to the formatiorfreé micelles in solution [8]. Our results are camgble to the
literature data [8-10]. ThHEMC does’t depend on the copolymer concentrationijtialightly increases.

The variation of the surface tension of 0.1 M NaGueous solutions with tH&DS concentration, is different from
that of theSDS alone. In fact, the NaCl salt leads to a genealilifi the surface tension of the system at all
concentrations of the surfactant. NaCl has a steffert on the copolymer conformation. In the othand, the
surface tension curves show a maximum and minimuowig that the solution self-re-organizes as afion of
the SDSconcentration. This behaviour is due to the preserf salt that predominates the repulsives elsttigues
interactions and precisely into the copolymer.

The analysis of these results shows that the sutfatsion of 0.1 M NaCl aqueous solutions, doesry regularly
as a function of the copolymer concentration.

In the domain of SDS concentration 1M - 1.42x10° M], the surface tension of the solution decreases
function of the SDS concentration. This is duehi® drganization of the surfactant and the copolyateéhe water-
air interface, producing a weak interactions betwgeem. In the domain of SDS concentration [1.49%M -
6x10° M], the surface tension of the solution increaaes function of the SDS concentration. This idairgd by
the desorption of the copolymer from the waterkatierface. We also observe a decreasing of theaseitension of
the solution in the domain [6xFOM - 8x10* M], and beyond of this interval the surface tensid the solution
stabilizes. This decreasing in the surface tensatue to the formation of agregates micelles/capel, and the
stabilization is explained by the formation of fnmicelles in the solution after the saturation e topolymer by
the micelles.
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Figure 5: scheme of the evolution of the polymer-stactant interactions and the surface tension variéion for the system of this type [12-
14]

The studied system follows the behavior showedhinfigure 5 and it was described by Penfold. J.anfil2-14].
The surface tension variation of this system igattarized by a continued decreasing in the surasion which
is due to the formation of agregates micelles/cppek. The stabilization intervals are explainedhry formation of
free micelles in the solution and by the saturatibthe copolymer by the micelles.
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CONCLUSION

The tensiometry results show that the copolyP¢vPC8-20mixed with the SDS in aqueous solution, is a good
surfactant system. The copolymer sampiVPC8-20 (20%) shows a middle character surfactant foll@win
probably to its ratio hydrophobe/hydrophile. Thealitidn of the salt NaCl causes a rapid fall of tkasiometric
effect of this system in aqueous solution. In fauis inorganic salt favorises the micellisationtled SDS. We can
also note that the copolymer doesn'’t reduce endliglsurface tension of the solution, in the presesfcthe salt.
These results are explained by the electrostagcdntions and by the hydrophobic /hydrophilic hata
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