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ABSTRACT

We have studied the micellization of surfactants SDS, CTAB and tweens-80 using a series of
Ethylene glycol/water and formamide/water mixed solvents using surface tension, viscosity and
conductance measurements. The results are compared with those reported in pure water for the
same surfactants. The critical micelle concentration (cmc) shifts to lower values upon increasing
the ratio of Ethylene glycol in the Ethylene glycol /water mixed solvent, while the cmc changes
in an opposite way with increasing formamide. Contrary to Ethylene glycol, the
formamide/water mixed solvent seems to become a better solvent for the surfactant compared to
water and thus disfavors the formation of micelles. We have tried to provide a comprehensive
picture of how the presence of cosol vents affects the micelle formation.
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INTRODUCTION

Surfactant forms micelles in aqueous solutions wu¢he reduction in the free energy when
transferring the hydrophobic part (or hydrocarbbaic) from the polar solvent to the micellar

interior, the so-called “hydrophobic effect”. Théferent association behaviours of surfactants
in water and other solvents have stimulated therést to elucidate how the solvent properties
influence aggregation, and many studies have bedormed to gain information on the role of

the solvent in the aggregation phenomenon of anideg A number of papers on micellization

of ionic and nonionic surfactant in mixed solvelmése been published [1- 5].

The addition of polar organic solvents, such aylette glycol or formamide, would provide

extra degrees of freedom in tailoring the solutnoperties. For example, pharmaceutical
formulation for drug delivery uses cosolvents sashglycerol and ethanol in order to improve
the solubility of the active compounds and/or td the sensory perception. There is enough
experimental evidence supported by theory on thiacant self-aggregation in solvents such as
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ethylene glycol and formamide, so that both micelied lyotropic liquid crystals are formed.
Evans et al. [6] established that the specific props of water are not indispensable to promote
surfactant self-assembly. Investigations of migalion in nonaqueous polar solvents, such as
ethylene glycol, glycerol and formamide, which hgveperties resembling those of water, have
shown that a solvent requires three conditionsndude surfactant aggregation (i) a high
cohesive energy, (ii) a high dielectric constang &ii) a high hydrogen-bonding ability.

In this context, we have studied systematicallyraggtion behavior of both ionic and nonionic
surfactant by changing solvent composition in migetyents consisting of water and one of the
following cosolvents: ethylene glycol or formamidéfl9] (with dielectric constants below and
above water, respectively). The principal means cbéracterization are surface tension,
conductance and viscosity measurements.

MATERIALS AND METHODS

Materials

The cationic surfactant hexadecyltrimethylammonitbmomide (GeTABr), anionic sodium
dodecyl sulfate (SDS) and polyoxyethylene sorbitamnooleate (Tween-80) were highly pure
samples from Sigma/Aldrich. Their purities wereatgined by surface tension measurements;
no surface tension- log concentration plot for awfactant used in this study showed a
minimum. Triple distilled water from an all Pyrelags apparatus was used for the preparation of
solutions.

Surfacetension

The surface tension of agueous solutions of sisgidactants at various concentrations was
determined by using the drop number method. Allsneaments were carried out at 30°C. The
CMC values were determined at sharp break poinstiiface tension against log concentration
curves for individual surfactants.

Conductance

Conductometric measurements were made with a Higfiteroprocessor Based Conductivity /
TDS Meter Model 1601 conductivity meter (Esico, ijdusing a dip-type cell at 30°C. All
measurements were done in a jacketed vessel, whah maintained at the appropriate
temperature (+ 0°C). The errors in the conductance measurements wignan + 0.5%. The
conductance was measured after thorough mixingeangerature equilibrium at each dilution.

Viscosity

The viscosity measurements were made using an bindel suspended level capillary
viscometer. The viscometer was always suspendeitalgr in a thermostat with a temperature
stability of + 0.£C in the investigated region. The viscometer waaméd and dried every time
before and after each measurement. The flow timedastant volume of solution through the
capillary was measured with a calibrated stopwatch.
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RESULTS AND DISCUSSION

Surface tension

The surface tensiory)(of surfactant solutions was measured for a raig®ncentrations above
and below the critical micelle concentration (CM@®).linear decrease in surface tension was
observed with increase in surfactant concentrationall the surfactants up to the CMC, beyond
which no considerable change was noticed. Thiscenamon behaviour shown by surfactants in
solution and is used to determine their purity @Cs. The CMC data obtained from the break
point in they - log concentration plots are recorded in TableNMC values for all the surfactants
are in reasonable agreement with the literatureesal

A representative plots for Tween-80 in water ant/lehe glycol/water mixed solvent is shown
in Figure 1. As depicted from the figure the CMClues shifts towards lower Tween-80
concentration with increasing the ethylene glycohaentration in the mixed solvent. While
increasing the formamide content in the mixed suiwhifts the CMC towards higher surfactant
concentration (Figure 2). The formamide/water migsetent seems to become a better solvent
for the surfactants compared to water and thuswdisfrs the formation of micelles. Addition of
formamide to water reduces the solvophobicity arieases the solubility of surfactant. This in
turn lowers the interfacial tension between therbgtobic chains and the solvent, so that
shrinking and disruption of micelles becomes marergetically favourable than in plain water.

In case of ionic surfactants the main effect of¢bsolvent is considered to be the change of the
dielectric constant of the medium, which in turfeafs the electrostatic interaction in solution.
The ethylene glycol dielectric constamt € 42.5) is substantially lower than that of water=
78.5); consequently, increasing the glycerol cotraion enhances the electrostatic interactions
in solution, which opposes the self-aggregatioauwfactant molecules.

Conductance

Conductivity measurements were performed for isnidactants at 3C in order to evaluate the
CMC and the degree of counter ion dissociatfnt is known that the specific conductivity is
linearly correlated to the surfactant concentratioboth the premicellar and in the postmicellar
regions, being the slope in the premicellar regjoeater than that in the postmicellar region. The
intersection point between the two straight lineégeg the CMC while the ratio between the
slopes of the postmicellar region to that in thenpicellar region gives counter ion dissociation,
B. The values of CMC anfl at various temperatures for the ionic surfactamésrecorded in
Table I. This results support the findings fromface tension measurements.

Viscosity

We have used viscosity measurements to obtain dheeatration at which the sphere-to-rod
transitions of the micelles of various surfactawmicur. Relative viscosities of surfactant
solutions at different concentrations ofsCABr, SDS and Tween-80 were carefully examined at
30°C and the representative plots of results fefTEBr and Tween-80 obtained in presence of
ethylene glycol/water and formamide/water mixedvents are shown in Figure 3 and 4
respectively. All the measurements were made ablozeritical micelle concentration (CMC)
for each surfactant. The results obtained wereequteresting. As seen from the Figure 3 and 4
the relative viscosity increases gradually withr@ase in surfactant concentration. Addition of
glycerol content in the mixed solvents resultsnnrerease in micellar size for nonionic Tween-
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80 as indicated by an increase in viscosity, winilease of ionic surfactant;§T ABr the effect is
almost negligible. Opposite to ethylene glycol, iidd of formamide in the mixed solvent,
favors the disruption of micelles as indicated bg significant decrease in viscosity. A close
inspection of Figure 3 reveals that the viscosityTaveen-80 increases by two orders of
magnitude in the presence of however after a cei&rease in ethylene glycol content results
in formation of lamellar liquid crystals, which qugot the claim that there is a reduction of
specific surface area and surface curvature aseetdyglycol is added. However the presence of
ethylene glycol shows opposite trend in case otisarfactant compared to the non-ionic one.
In the case of ionic surfactant in addition to tihkange in dielectric constant of the medium, the
increased repulsion among the ionic head groups edmises an increase of the micellar
curvature, leading to the formation of smaller aggtes. Hence, the extent of glycerol effects
and the mechanism through which they are suppasacttdepend on the considered surfactant.
The experimental evidence shows that increasingdaride content in mixed solvent with water
has similar effect on both ionic and non-ionic aatént; causing the disruption of micelles.

Table — 1 Critaical Micellar Concentration of surfactant with different cosolvents at 303.15K

Surfactant Mixed solvent CMC From Sp. Cond Surface
Sp. Conductance B tension
505 95% Water+ 5 % EG amh 0.6783 0.3750
90% Water+ 10% EG Fm 0.6857 0.5000
85 % Water + 15% EG S 0.7125 0.6250
95% Water+ 5 % Formamide 9m 0.4040 0.4432
90% Water+ 10% Formamide  11mp 0.4608 0.5000
85 % Water +15% Formamide  13mM 0.5000 0.5357
CTAB 95% Water+ 5 % EG 1.7m 0.4807 0.4300
90% Water+ 10% EG 1.4mM 0.6250 0.6300
85 % Water + 15% EG 1.2m 0.6986 0.7053
95% Water+ 5 % Formamide 1.4mb 0.5625 0.6561
90% Water+ 10% Formamide  1.6mM 0.6376 0.6819
85 % Water +15% Formamide 1.8mM 0.7142 0.7058
Tweens 95% Water+ 5 % EG 0.01 2 0.4545
90% Water+ 10% EG 0.0LmM 0.5000
85 % Water +15% EG 0.008mMk 0.6000
95% Water+ 3 % Formamide 0.01mm 0.2962
90% Water+ 10% Formamide  0.013mM 0.3600
85 % Water +15% Formamide  0.017mM 0.5100
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Figure — 1 :Surface tension of Tweens -80 and EG imater at 303.15K. .i.#)5% EG+ 95%Water, ii. (m)
10%EG + 90%Water and iii. (A) 15% EG +85%water
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Figure — 2 : Surface tension of tweess -80 for Fmiamide in water. i. (¢)5% Formamide+ 95%Water, ii. (m)
10%Formamaide + 90%Water and iii.(A) 15% Formamide + 85%water at 303.15K.
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Figure- 3 : Relative viscosity of tweens -80 in wat, EG and Formamide at 303.15K. i. ¢)Water, ii. (m)
15%EG + 85%Water and iii. (A) 15% Formamide + 85%water at 303.15K.
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Figure — 4 : Relative viscosity of CTAB in i.¢) water, ii.(m) 15%EG + 85 % water and iii. (A) 15% + 85%

water at 303.15K.

CONCLUSION

The effects of polar solvents such as ethyleneolged formamide on the micellization of ionic
and nonionic surfactants in water have been ingattd as a function of the cosolvent content in
the mixed solvent using surface tension, conduetamd viscosity measurements. The addition

667
Scholars Research Library



K. Prajapati et al Arch. Appl. Sci. Res., 2012, 4 (1):662-668

of formamide to water causes micellar disruptiomicl is attributed to lower hydrocarbon-
solvent interfacial tension and a reduction in gwvophobic effect, while the progressive
increase of ethylene glycol in water- ethylene glymixed solvent reduces the hydration of
surfactant head groups and induces smaller sunfactarface areas, which in turn causes
micellar growth. These basic findings can be usedube the surfactant properties for end
application.
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