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ABSTRACT

The micellization property of sodium lauryl sulphdSLS) in water in presence of sodium malonate b
investigated conductometrically. The critical aggaéion concentration (CAC) and critical saturatiooncentration
(CSC) were determined. The molecular conductandgevat infinite dilution for sodium malonate anddamm
lauryl sulphate was calculated 225.5 Soml* and 81.88 Scfmol® at 298K respectively. The micellization of SLS
in presence of sodium malonate in aqueous solttaashown that the formation of aggregates takasepbetween
SLS and ions formed by sodium malonate. With irseréa concentration of the surfactant at the saforapoint
beyond which ionization or dissociation of aggreggatakes place justified by the binding capacite free energy
of micellization has been reported for sodium ldsgiphate in aqueous sodium malonate solution.

Keywords: Sodium Lauryl Sulphate, Sodium Malonate, Miceliiaa, Critical Saturation Concentration, Binding
capacity

INTRODUCTION

The studies on aqueous miceller systems have egtenuch attention in the literature due to theirsagéle and
important use in all branches of science. The wgrisystems have been investigated in order to rolptaysical
properties with thermodynamic parameters of mizatlon of surfactants in different solvents [1,32/4, 5, 6, 7].
These studies are used to understand differenskifichssociations, molecular packing, molecularionst and
various types of interactions influenced by thespree of solute present in solutions [8]. Micelies one type of
aggregation which is formed at a specific conceiatnarange. Micellization is affected by varioustfars including
the solvent, additives, temperature, ionic stremgcth

The micelles have specific importance in pharmacgue to their ability to enhance the solubility splaringly

soluble substance in water [9, 10]. The importaofceggregation and their properties have now ftélgognized as
basic fundamental in all fields of solution andlei@ science [11]. The process of micellizationsoifactants in
presence of electrolyte, polar or nonpolar orgaoimpound and other surfactant has been reportedgdiive past
several years [12, 13, 14, 15]. The additive infkes the micellization by their structure breakorgmaking

character in water. There are reports on physicoatad properties of oxalic acid and its salt in equs solution in
which they behave as structure maker in water 1¥$ but there is no any such study of malonic aeid its salt in
micellar solution.

Present study describes the micellizatin of sodlaoryl sulphate in presence of sodium malonate gneaus
solution.
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MATERIALS AND METHODS

Sodium malonate, CDH grade and sodium lauryl sutgharo analysi MERCK grade were used as such witho
further purification. All the solution were prepdrim doubledistilled water having specific conductance of tinéer
2x10° Q "'em'.Conductance measurement of the solution were made using cdivitycmeter ,Systronics 306
with a dipping type conductivity cell having platinizedeetrode. The temperature of the solution was keystemt
with the help of thermostat (Tanco,Kanpur). Thedwarivity meter was calibrated with standard KQuson. The
accuracy of the conductivity meter was01 mScrh during the study. The results were checked forstzom
readings.

RESULTS AND DISCUSSION

Keeping the malonate ion concentration constaatjueous solution, the concentration of sodium laswiphate is
varied and the value of specific conductance obthiior each solution is given in Table 1.The vasiabf specific
conductance with concentration was analyzed bytiptpgraph between specific conductance and coretén.
The representative plots are presented in FigureFigure 1B and Figure 1C in different concentnatrange of
SLS in which the plots are linear but have différgmadients.

It is well established that in general, in aquesolsition the plot between concentration and specifinductance
consist a break point in the linear behavior whichrespond to critical micelle concentration, cwalue of the
surfactant. In the present study, FigurelA, FidiBeand Figure 1C, indicate the presence of twolbpednts in the
plot between concentration and specific conductalmcerder to confirm the presence of two brealntgithe slope
of the curve were calculated by plotting the grapthree different regions. The micellization se&lin presence of
polymer also have same nature as reported in tliterd18]. In this study the second break pointha plot is
defined as cmc of polymer surfactant complex oym@r saturation point in the aqueous solution.unstudy the
micellization of sodium lauryl sulphate (SLS) irepence of salt, sodium malonate in aqueous soligisamewhat
similar to the reported behavior in presence ofipelr.

Figure: 1A and 1B
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Figure: 1C

Plot for 0.001 mol dm® Sodium malonate at 298 K
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Table 1: Variation of Specific Conductance of SLS ith concentration of sodium malonate
*The values inside the bracket are the values etiic conductance at temperature 308K

Specific conductance(msS)
S. No. rrE(?Ila?rla TeKm p concentration of Na malonate
0.0005 mol dm-3  0.001 moldm-3  0.002 mol dm-3
1. 0.002 298 0.24 (0.29)* 0.33 (0.45)* 0.53 (0.61)
2. 0.004 298 0.34 (0.42) 0.44 (0.57) 0.66 (0.74
3. 0.006 298 0.43 (0.53) 0.52 (0.67) 0.72 (0.84
4, 0.007 298 0.49 (0.58) 0.58 (0.75) 0.76 (0.88
5. 0.008 298 0.53 (0.63) 0.61 (0.82) 0.80 (0.92
6. 0.010 298 0.60 (0.73) 0.66 (0.88) 0.83 (0.97
7. 0.012 298 0.66 (0.79) 0.73 (0.96) 0.91 (1.07
8. 0.013 298 0.68 (0.81) 0.75 (0.97) 0.92 (1.10
9. 0.014 298 0.70 (0.85) 0.77 (1.03) 0.96 (1.14
10. 0.016 298 0.79 (0.91) 0.82 (1.10) 1.02 (1.17
11. 0.018 298 0.84 (0.99) 0.88 (1.15) 1.04 (1.26
12. 0.019 298 0.87 (1.05) 0.91 (1.21) 1.07 (1.29

In this study, the second break point can be taseparboxylate ion saturation concentration, (CBog values of
csc obtained in the study are given in Table 2.

Table 2: Value of csc, cac and binding capacities salt- SLS complex / aggregates

Sodium malonate cac csc Binding Capaci L
S No. [ moldm ] mmol | mmol | mmol. SLS/?noI. ‘():art:gxylate Degree of ionization )
298K | 298K 298K 298K 308K
1. 0.0005 0.6 1.6 20.0 0.53 0.92
2. 0.001 0.7 1.6 16.0 0.61 0.60
3 0.002 0.7 1.4 3.5 0.35 0.70

The critical micelle concentration, cmc of the agthnt in presence of salt in solution correspdadke first break
point in the plot between concentration and specafinductance. It has been found that the cmc efShS in

presence of the salt is nearly equal to the cm8L@ in water. As this salt is an electrolyte, hemmcéhe study in
place of the cmc the notation, cac, critical aggties has been used. As seen from the experiméatal the value
of cac remains constant. This indicates that th® &hd the salt can exist in ionic form below cag.aBcertain the
nature of the salt and surfactant, the moleculadaotance has been calculated for salt and SLSaepain water.

The plots between molecular conductance dador the salt and SLS have linear nature which datdis the
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applicability of Debye Huckel equation for stronlparolytes. The representative plot is given igufe 2 and
Figure 3.

Figure 2 Plot between sodium malonate véC at 298 K
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In case of strong electrolytes the value of mol@cebnductivity at infinite dilution)’,, can be obtained from the
intercept is equal t&@°, at c=0 of Debye Huckel and Onsager plots. The oude conductance values at infinite
dilution of sodium malonate and sodium lauryl salgh(SLS) at 298 K is 225.55 Samol* and 81.88 Scfmol
lobtained respectively. The micellization of SLSmesence of sodium malonate under the experimeatalitions
used can be explained by the following considenatio

1.The sodium malonate behave as a strong electral/hown by the molecular conductance in water. 856
behaves like a strong electrolyte in water. The p&dween molecular conductance and square ramdrafentration
supports the fact experimentally.

2.At lower concentration of SLS below cmc of SLS muaous micellar solutions, all the sodium malorfaten
ions. It was expected that malonate ion at loweceatration do not interfere with monomeric formSafS and the
ionization constant of the acid is very low (0.218-5) and more energy is required to separate ydeolgen ion
from doubly charged anion then from the singly gearanion.

3.The)’;, has been regardexs a measure of solute-solvent interaction [19¢ TEinge magnitude of°,, shows the
greater solute-solvent interaction. Th¥, values obtained in the study indicates the preseafcsolute-solvent
interaction.

4.The solvation of mono sodium malonate ion in wagem be supported by the fact that the malonaté&snboth
electrostatic as well as hydrophobic hydration tiuthe presence of —GHgroup [20].

5.The hydrophobicity of mono sodium malonate ionIfetied it to incorporate with the SLS micelles.dddition,
the carboxylate groups have negative charges vdrielexpected to stay in the bulk and / on the seréd the SLS
micelles.

In view of the above, it is suggested that the maie ions NaCKHCOO) ,* interact on the micellar surface as
shown below:
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Figure 3: Plot between SLS VsI/C at 298 K
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The above situation is responsible for critical reggtion of surfactant monomer. The close packingudfactant
molecule in the aggregates attains saturation eénpilesence of mono sodium malonate ions but thelliaric/

aggregate loosened in the higher concentratiorom$ above critical saturation concentration dught mutual
repulsion between higher charges in aqueous solutigpictorial representation of micellar aggregaite aqueous
solution can be shown as below :
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Thermodynamic quantities of micellization

In the study it has been concluded on the bastsofand csc, micelles / micellar aggregations @madd between
malonate ion and monomers of SLS. Thermodynamiatifyaprovides more information about the interanti
between surfactant and malonate ion. At cac, thgrege of ionization ) value of malonate-SLS complex /
aggregate, from the slope of conductance —condemtrplots below cac and above csc. The valuegyaen in
Table2. For ionic surfactant, the free energy afeflization, AG% at csc

AG%ic = (2-@) RT Incsc ()
Where csc is in mol fraction scale.

The AG’ at, csc is expressed in per molar unit by concépgtpproximation. At csc, the monomer concentration
remains non variant with increase in surfactantceoiration; above csc micelles are only formed. &beve

concept has been used in calculation of free enefgyicellization [21]. Standard entropy of micelitionAS . |
werecalculated using equation 2, as used in case cdrsurfactant.

ASmic = & (AGnigy /8T @)
The thermodynamic quantities calculated on theshafsabove equation 1 and equation 2 is record@alie 3.

It is clear from the data obtained, for all concation of malonate has negative valueA@’,.. This confirms that
the strong interaction between SLS monomer and masdoion which results in the formation of micelles
aggregation in aqueous solutions. These interaxti@ve less magnitude at higher temperature dtleetncrease

in thermal energy. ThaS’,,. values also support the interaction between suafend mono sodium malonate ion.

Table 3: Thermodynamic parameters of malonate — SLSystem at csc

S. No. | [Sodium mal-gnate] -AGOnji1C A
mol dm K J mol Y
298 K | 308 K| KIK md
1. 0.0005 29.66 22.52 -0.714
2. 0.001 28.04] 29.19 +0.115
3. 0.002 33.82 27.54 -0.628
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CONCLUSION

In this study, it has been observed that the formaifomalonate-SLS aggregation/ micelle takes pladech was
justified by the value obtained for binding cap@sitat different concentration. At higher concetidraof SLS, the
interaction with malonate ion decreased beyondtthigal saturation concentration of sodium maleniat aqueous
solutions.

The study may be useful for micellization studiegtie field of polymer and solution chemistry hayindustrial
importance. Such type of finding may give useftibimation regarding the micellar catalysis.
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